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• Brain analysis overlap in prefrontal cortex, amygdala and temporal

cortex.

Abstract

Introduction

Scholars have established subcategories of aggressive behavior in order to better

understand this construct. Specifically, a classification based on motivational

underpinnings makes it possible to differentiate between reactive and proactive

aggression. Whereas reactive aggression is characterized by emotional lability, which

means it is prone to impulsive reactions after provocation, proactive aggression is

driven by low emotionality and high levels of instrumentality to obtain benefits. Some

authors have conceived these two types as having a dichotomous nature, but others

argue against this conceptualization, considering a complementary model more suitable.

Hence, neuroscientific research might help to clarify discussions about their nature

because biological markers do not present the same biases as psychological instruments.

Aim

The main objective of this study was to carry out a systematic review of studies that

assess underlying biological markers (e.g., genes, brain, psychophysiological, and

hormonal) of reactive and proactive aggression.

Methods

To carry out this review, we followed PRISMA quality criteria for reviews, using five

digital databases complemented by hand-searching.

Results

The reading of 3993 abstracts led to the final inclusion of 157 papers that met all the

inclusion criteria. The studies included allow us to conclude that heritability accounted

for approximately 45% of the explained variance in both types of aggression, with 60%

shared by both, especially, for overt and physical expression forms, and 10% specific to

each type. Regarding allelic risk factors, whereas low functioning variants affecting

serotonin transport and monoaminoxidase increased the risk of reactive aggression,

high functioning variants were associated with proactive aggression. Furthermore,

https://www.sciencedirect.com/topics/neuroscience/aggression
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brain analysis revealed an overlap between the two types of aggression and alterations

in the volume of the amygdala and temporal cortex. Moreover, high activation of the

medial prefrontal cortex (PFC) facilitated proneness to both types of aggression equally.

Whereas stimulation of the right ventrolateral (VLPFC) and dorsolateral (DLPFC)

reduced proneness to aggression, inhibition of the left DLPFC increased it. Finally,

psychophysiological and hormonal correlates in general did not clearly differentiate

between the two types because they were equally related to each type (e.g., low basal

cortisol and vagal variability in response to acute stress)

Conclusions

This study reinforces the complementary model of both types of aggression instead of a

dichotomous model. Additionally, this review also offers background about several

treatments (i.e., pharmacological, non-invasive brain techniques…) to reduce aggression

proneness.

Keywords

Brain; Drug; Proactive aggression; Psychobiology; Reactive aggression

1. Introduction

Scholars have made important efforts to understand the etiology of human aggressive

behavior. Accordingly, the greater our knowledge about the mechanisms underlying it,

the greater our ability to develop effective treatments to reduce it and better strategies

to prevent it. A widely employed method to reduce the complexity of a broad concept

like aggression consists of building subcategories of it and establish their differences

(Martín-Ramírez and Andreu, 2006). An extensive classification might be based on

motivational underpinnings or motives for aggressive behavior, making it possible to

differentiate, for example, between reactive and proactive aggression (Martín-Ramírez,

2010; Moya-Albiol and Romero-Martínez, 2020).

Whereas reactive aggression is characterized by negative affect and/or emotional

lability (e.g., often called ‘hot-blooded’), which makes the person prone to impulsive

reactions after provocation, proactive aggression tends to be driven by low emotionality
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(e.g., ‘cold-blooded’ or lack of emotional arousal) and high levels of instrumentality to

obtain benefits and/or rewards in the absence of provocation (Dodge, 1991, Dodge and

Coie, 1987).

Apparently, some authors have described them as two opposite forms of aggressive

behavior with a dichotomous nature (Fite et al., 2012; Hoffer et al., 2018;Meloy, 2006;

Vitaro and Brendgen, 2011). This dichotomy was mainly based on completely different

emotional and cognitive processes underlying each type of violence (e.g., cognitive

biases, emotional deficits, closeness to psychopathic traits, etc.). Other scientists have

argued against this conceptualization. They defend the usefulness of conceptualizing

them as a continuum where each extreme is represented by a type of aggression, given

that the two forms of aggression are not mutually exclusive and frequently co-occur

(Mäki-Marttunen et al., 2019; Raine et al., 2006; Walters, 2005). This representation of

aggressive behavior has been supported by empirical research employing self-reports,

which frequently reveal a stronger statistical link between two scales (e.g., correlation

coefficients higher than.50) (Polman et al., 2007).

As previously explained, most of the research assessing differences has been based on a

psychological perspective. Therefore, one way to provide enough background and, in

turn, clarify this question would be to introduce an interdisciplinary approach.

Specifically, neuroscientific research might add complementary information to the

classical psychological perspective. Furthermore, neuroscientific disciplines include

biological markers such as allelic gene variants, brain circuits, and psychophysiological

markers, among others, which do not present the characteristic biases of psychological

instruments.

Considering the above, and to provide a systematic synthesis of the scientific literature

that has analyzed biological correlates of reactive and/or proactive aggression in

humans, the present study first describes the main findings on heritability and genetic

markers (e.g., allelic risk factors). Second, with the main purpose of understanding brain

correlates, we describe the results of brain morphological analysis related to each type

of aggression, followed by functional and activation analysis and results of experiments

that include non-invasive brain stimulation techniques and, finally, the effects of drug

administration. Afterwards, we summarize the psychophysiological correlates (e.g.,

cardiorespiratory and electrodermal markers) and, finally, the hormonal markers of the

above-mentioned aggression styles. Thus, considering the existing data so far, we have

tried to answer whether neuroscientific markers might allow us to distinguish between

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/epileptic-absence
https://www.sciencedirect.com/topics/psychology/cognitive-process
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the two forms of aggression, supporting a dichotomous or, conversely, complementary

and not mutually exclusive model.

2. Methods

2.1. Search strategy

To conduct this systematic review, we followed the recommendations stated in the

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines in order to increase the quality and reliability of this review (Moher et al.,

2009). Consequently, we employed five digital databases to carry out this study: PubMed,

PsycINFO, Scopus, Web of Knowledge, and Cochrane Library (OSF: Registration DOI:

10.17605/OSF.IO/97ZXV). It should be highlighted that several databases provided the

opportunity to apply filters to conduct the research, and so we specifically removed,

when possible, “books”, “PhD Thesis, graduate theses and dissertations”, “case reports”,

“animals”, and “review”, and we selected the language: “English and/or Spanish”

because of the reviewers’ language expertise and ‘human research’. However, we

decided not to apply date restrictions to cover as many studies as possible.

Searches in these digital bases were complemented by hand searching for additional

articles that met the eligibility criteria and were not included in the aforementioned

digital databases. For this purpose, we employed ResearchGate and Google Scholar.

The search for all published studies was performed from January to June 2021.

The algorithm employed to conduct this review was: ([proactive OR reactive] AND
[violence OR aggression]) OR ([Point Subtraction Aggression Paradigm OR Taylor
Aggression Paradigm OR Anger Infused Ultimatum Game]) AND [gene OR brain OR
serotonin OR hormone OR heart rate OR skin conductance OR autonomic functioning]).

2.2. Inclusion criteria

We formulated our selection criteria according to recommendations by Higgins et al.

(2019) for conducting systematic reviews. Thus, we finally selected the manuscripts that

met all these criteria: (a) empirical studies (except for case reports); (b) studies that

explicitly involved human participants; (c) normative or clinical populations; (d)

included psychobiological markers (e.g., genes, brain correlates, neurotransmitters,

psychophysiological and hormones); (e) measured reactive aggression separately from

proactive aggression; (f) assessed the relationship (i.e., correlational, regression analysis,

https://www.sciencedirect.com/topics/psychology/systematic-review
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/2-5-dimethoxy-4-iodoamphetamine
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direct comparison…) between reactive and/or proactive aggression and biological

parameters; (g) were written in English or Spanish (PRISMA flow diagram; Fig. 1).

Download: Download high-res image (345KB)

Download: Download full-size image

Fig. 1. PRISMA flowchart of literature search with reasons for exclusion.

2.2.1. Exclusion criteria

We also specifically checked for studies that measured aggression with laboratory tasks

if they included a total score for each type of aggression (i.e., total punishment applied to

opponent, percentage of aggressive responses across trials…). If manuscripts assessed

aggressive behavior during tasks (e.g., decision phase, outcome phase…), but without

providing an outcome, they were removed from this review. Additionally, studies where

researchers did not explicitly mention that they measured reactive and/or proactive

aggression were not included (e.g., defensive aggression but not reactive). Furthermore,

it was important to include well-validated instruments to measure both types of

https://ars.els-cdn.com/content/image/1-s2.0-S0149763422001154-gr1_lrg.jpg
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aggression. Lastly, studies that did not provide enough demographic information were

not included.

2.3. Quality assessment

Although the quality of a systematic review and a meta-analysis might be guaranteed by

selecting only research with robust experimental designs, such as double-blinded

randomized controlled trials, we assumed that much of the important research for this

review would present non-robust designs (i.e., cross-sectional, correlational, open

clinical, etc.). Hence, we finally decided not to establish the type of design as a selection

criterion, except for case studies.

Due to the broad heterogeneity in the studies’ methodological characteristics, we

considered it particularly interesting to assess the quality of the studies by providing a

supplementary table summarizing key points of their designs. This would help to

understand the potential risk of bias when interpreting the data. Based on previous

literature establishing quality criteria for non-randomized and randomized studies, we

included eight statements that would be answered with a dichotomous answer (Yes/No)

indicating whether the criterion was met or not. Based on the answers we indicated

whether studies presented a low, moderate, or high-risk bias. (See Supplementary Table

1).

Supplementary Table 1.

Summary of design quality for included studies.

Based on previous scientific literature in this field, we considered it appropriate to

define the following statements:

2.4. Sample

1a)Specified inclusion criteria for each group.

1b)Randomization or Pseudo-randomization.

1c)Offered enough information about experimental mortality.

2.5. Procedure

2a)Blinded (e.g., double, or simple).

2b)Employed reliable instruments (except one of them).

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/randomized-controlled-trial


2.6. Results

3a)Matched groups (e.g., number of participants per group…).

3b)Covariate potential confounding variables.

3c)Replicable results (e.g., offered enough background and correctly justified).

2.7. Data extraction and analysis

Article selection was carried out by two scholars, with an interrater agreement above

90%. Any possible discrepancies between the two raters were discussed, and they

clarified whether critical points met the inclusion criteria by consulting the third author

of the manuscript.

3. Results

3.1. Selection of studies

From a total of 3993 publications retrieved from the search of the digital databases and

12 from hand-searching, 3110 articles were removed because they were duplicated, and

687 were excluded based on the title or abstract because they were not relevant to the

main objective of this review. Hence, 205 full-text articles were screened for eligibility,

with 157 finally being included (see flowchart described in Fig. 1).

3.2. Genes

3.2.1. Twin studies

With regard to the quality of the studies included in this block, it has been suggested that

it would be appropriate to include more than 600 pairs of twins to conduct twin studies

with enough statistical power (Martin et al., 1978). Accordingly, only one of the studies

included presented a sample size larger than 600 pairs of twins (Baker et al., 2008). The

rest of the studies presented sample sizes ranging from 900 to 700 participants

(Fullerton et al., 2019, Orri et al., 2020, Paquin et al., 2014, Paquin et al., 2017, Tuvblad et

al., 2009), and, finally, one research study included less than 400 participants (Brendgen

et al., 2006). However, it should be highlighted that all these studies employed well-

known self-reports validated in several languages (for further details, see

Supplementary Table 1).



The analysis of twin studies with both genders concluded that the amount of variance

explained by genetic factors (i.e., heritability) in reactive and proactive aggression

ranged from 26% to 45%, with approximately 40% of the rest of the variance explained

by nonshared environmental factors and 10% by shared environmental factors

(Brendgen et al., 2006, Paquin et al., 2014, Tuvblad et al., 2009). Curiously, they also

pointed out that approximately 64–76% of these genetic factors seemed to be shared in

both types of aggression, specifically, the forms associated with the physical expression

of aggression (Brendgen et al., 2006, Paquin et al., 2017). Nevertheless, only a small

percentage of genetic factors (smaller than 11%) seemed to be specific to each type

(Brendgen et al., 2006). Curiously, if only the impulsive component of reactive aggression

was considered, genetic factors accounted for 90% of the explained variance (Orri et al.,

2020).

Gender is differentially related to heritability in both types of aggression. In fact, these

factors seemed to be more important in men (e.g., 38% for reactive and 50% for

proactive aggression) than in women. Conversely, in women, shared and non-shared

environmental influences were important in both reactive and proactive aggression

(Baker et al., 2008).

As mentioned in the previous paragraphs, for both types of aggression, nonshared

environmental factors were particularly important (Brendgen et al., 2006). In fact, one

study indicated that a previous history of traumatic brain injuries (TBI) explained

differences in reactive and/or proactive aggression during maturation processes in

children (Fullerton et al., 2019). In this regard, adolescents of both genders who suffered

a TBI earlier in their lives presented higher reactive aggression levels, but lower

proactive aggression levels.

3.2.2. Risk alleles

Of a total of 14 manuscripts included in this section, seven articles found an initial

significant association between allelic variation and reactive and/or proactive

aggression. Furthermore, of those that did not report a significant initial association,

after considering additional variables, five of them reached significance (for further

details see Table 1).

Table 1. Main sociodemographic characteristics and details about the participants in each

study, the main results, and the assessment methods used.

https://www.sciencedirect.com/topics/psychology/heritability
https://www.sciencedirect.com/topics/neuroscience/traumatic-brain-injury
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descent
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874 From 9 to 14;

50%♂50%♀;

normative; -

– RPQ Twin study

(longitudinal)

(comparative study)

p < .05

323 From 13.00 ± 0.42–

18.00 ± 0.42;

56%♂44% ♀

normative;

majority

European

ancestry

Oxytocin

receptor gene:

rs1042778,

rs2254298,

rs53576,

rs4686302,

rs237915
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RPQ Regression analysis

(longitudinal study)

No (p

35 20.03 ± 2.30;

100%♂ normative;

Russians

SNP: rs1062535;

rs13381941;

rs1051922

RPQ ANOVA (comparative

study)

Yes (p

141 7.29 ± 3.14; 72%♂

28% ♀ normative;

100% White

Polymorphism

rs35369693

located on the

AVP 1B receptor

ABTC One way ANOVA

(comparative study)

Yes (p

85 20.09 ± 0.259;

100% ♀

normative; -

5-HTTLPR S and

L

polymorphisms

RPQ Univariate ANOVA

(comparative study)
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study)
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TAP No (n
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1433 12.32 ± 0.49;

53.8%♂47.2% ♀;

normative; 97.6%

Chinese Han

MAOA T941G
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Val158Met

polymorphisms

RPQ Regression analysis

(comparative studies)

No (p
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Yes (n

repor

concl

based

few s

290 21 years; 100%♂
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5-HTTLPR and

rs25531 and
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BPAQ Regression analysis

(cross-sectional)

Yes (p

31 37.07 ± 7.70;

100%♂offenders

and normative;

65% Caucasian

MAOA-VNTR

polymorphism

RPQ Regression analysis

(comparative study)

Yes (p

239 23.08 ± 3.38; 36%♂

64% ♀convicted

men; Caucasian

MAOA-uVNTR
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FPI-R ANOVA (Comparative

study)
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repor
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repor
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501 25.28 ± 4.62;

43%♂57%

♀convicted men;

Caucasian

MDS1 and EVI1

complex locus

gene (MECOM)

and Vasopressin

Receptor 1 A

gene (AVPR1A)

RPQ Weighted Stouffer’s Z

method

No (p

57 22.77 ± 4.37;

100%♂;normative;

Caucasian

MAOA uVTNR PSAP Univariate ANOVA

(comparative study)

Yes (p

88 23.5 ± 3.5;

100%♂;normative;

Caucasian

MAOA LPR PSAP Correlation analysis

(comparative study)

No (n

repor

Note. ABTC: Aggression Behavior Teacher Checklist; BPAQ: Buss-Perry Aggression Questionnaire

FPI-R: Freiburg Personality Inventory; PSAP: Point Subtraction Aggression Paradigm; RPQ:

Reactive Proactive Questionnaire; STAP: Social Threat Aggression Paradigm; TAP: Taylor

Aggression Paradigm.

3.2.2.1. Reactive aggression

With regard to reactive aggression, normative children of both genders who were

carriers of the CG allele of single-nucleotide polymorphism (SNP) rs35369693, belonging

to the Arginine Vasopressin Receptor 1B (AVP 1B) gene, presented higher self-reported

reactive aggression than carriers of the GG allele (Luppino et al., 2014). In addition, the

CG allele was associated with alterations in prosociality and emotional empathy, thus

facilitating proneness to reactive aggression.

Polymorphism STin2 VNTR12 of the SLC6A4 gene, encoding for serotonin transportation,

was negatively associated with this kind of aggression (self-reported) in men offenders

(Hemmings et al., 2018) and when measured with the Taylor Aggression Paradigm (TAP)

Authors

Sample

size

Age, gender and

type of group

Genetic

variable

Aggression

assessment

Statistical analysis;

design study

Signi

resul

(dire

assoc

Van

Donkel

aar et

al.

(2018)

Genetic polymorphisms or gene-sets with laboratory tasks

Gallard

o-Pujol

et al.

(2013)

Schlüte

r et al.

(2016)

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/argipressin-receptor
https://www.sciencedirect.com/topics/psychology/prosociality


in normative women (Peeters et al., 2020). That is, lower expression of the SLC6A4 gene

might disrupt the transportation of serotonin to recycle it into the neurotransmitter

pool, which in turn affects serotonin regulation. These results were partly supported by

a later study in normative young women. Even though they failed to report an initial

association between the variables, the authors pointed out that self-reported reactive

aggression due to internal frustration was related to SLC6A4 and Cyclin-Dependent

Kinase-Activating Kinase Complex Subunit genes (Van Donkelaar et al., 2020). However,

it should be highlighted that the number of 5-HT transporters significantly vary in

different brain structures (Cortes et al., 1988). Therefore, a general increase or decrease

in 5-HT levels cannot be assumed.

Other studies focused on the monoamine oxidase A gene promoter (MAOA-LPR). One of

them demonstrated that healthy young men who were carriers of the low-activity

MAOA-LPR allele presented higher reactive aggression levels (measured with the Point

Subtraction Aggression Paradigm (PSAP) or other competitive tasks) than carriers of the

high-activity MAOA-LPR allele (Gallardo-Pujol et al., 2013, Kuepper et al., 2013, Schlüter

et al., 2016). Finally, normative adolescents of both genders who were carriers of T

alleles/TT homozygotes of the MAOA gene or Met alleles of the catechol-O-

methyltransferase (COMT) gene exhibited more reactive aggression, specifically if they

were exposed to low positive parenting (Zhang et al., 2016). The low activity variants

entailed worse functioning of the MAOA and COMT (reducing their enzymatic activity),

which affect the efficiency of monoaminergic neurotransmission (e.g., dopamine,

noradrenaline, 5-HT, etc.).

3.2.3. Proactive aggression

Regarding risk alleles for proactive aggression, high activity MAOA-LPR allele (Kolla et

al., 2014), as well as low functioning alleles (5 R/5 R, 5 R/7 R and 7 R/7 R VNTR)

corresponding to the DRD4 gene (Cherepkova et al., 2015), were associated with high

self-reported proactive aggression in men offenders. Specifically, high-activity MAOA-

LPR supported more efficient transcriptional activity of the MAOA gene. In contrast to

efficient neurotransmission systems, 5 R and 7 R allelic variants of D4 dopamine

receptors, they might provoke the appearance of less efficient receptors (e.g., deficient

effectiveness in binding to dopamine).

Regarding normative and healthy individuals, the high-activity MAOA-LPR allele was

also related to self-reported proactive aggression in young adults of both genders (Kolla

et al., 2014), which is congruent with the aforementioned results in male offenders.

Furthermore, although specific allelic polymorphisms (e.g., rs1042778, rs2254298,
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rs53576, rs4686302, and rs237915) related to transcriptional regulation of the oxytocin

receptor (OXTR) gene did not explain self-reported proactive aggression, if these

polymorphisms were included with delinquent behavior of friends, the interaction

partly explained self-reported proactive aggression in adolescents of both genders

(Fragkaki et al., 2019). That is, worse functioning of the oxytocinergic system was related

to proactive aggression when carriers of these alleles were in risky environments.

Moreover, it should also be highlighted that SNP rs2254298 has been extensively studied

due to its association with psychopathology (e.g., depression, autism…) and social

cognition.

Additionally, there were also related concrete SNP, such as rs1062535 (of the ITGA2 gene

encoding for Integrin subunit alpha 2), rs13381941 (of the ESCO1 gene, encoding for

Establishment of sister chromatid cohesion N-acetyltransferase-1), and rs1051922 (of the

IFNB1 gene, encoding for Interferon regulatory factor-1), in this kind of aggression (self-

reported) in young men (Lazebny et al., 2020). These last allelic variants tend to affect

cellular morphological structures and the immune system, among others.

3.3. Brain

This section has been divided into four parts. Accordingly, the first part analyzes

alterations in the brain’s morphology that might explain reactive or proactive

aggression. It is followed by the presentation of specific brain structures’ activation and

functional connectivity of brain circuits and their association with either of the two

types of aggression. The third block is dedicated to explaining how stimulation of these

brain structures using non-invasive techniques modulates aggression proneness. Lastly,

the main results of drug administration for reactive and/or proactive aggression are

summarized.

3.3.1. Morphological analysis

3.3.1.1. Reactive aggression

Self-reported reactive aggression was positively associated with right amygdala volume

(Farah et al., 2018) and negatively with left amygdala grey matter volume (GMV) in

normative young adult males (Bobes et al., 2013). Furthermore, it was also related to an

increased volume of the left putamen in normative adolescents of both genders (Yang et

al., 2017). In contrast, this type of aggression (self-reported) was negatively related to

GMV in the right middle and superior temporal gyrus in violent offenders and young

adults of both genders (Hofhansel et al., 2020, Zhu et al., 2019a), and to reduced GMV of
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the insula of adolescents of both genders with conduct disorder (CD) and oppositional

defiant disorder (ODD), as well as normative adolescents (Naaijen et al., 2020).

3.3.2. Proactive aggression

In the case of self-reported proactive aggression, the volume and density of the

amygdala (particularly right sided), posterior cingulate cortex (PCC), and lateral and

medial frontal cortex were negatively associated with this type of aggression in CD, ODD,

and normative adolescents, and in young adults of both genders (Bobes et al., 2013,

Naaijen et al., 2020, Pardini et al., 2014, Yang et al., 2017, Zhu et al., 2019a). In contrast,

another study – which only included healthy young adult men – found that the right

amygdala volume and left ACC were positively associated with increased proactive

aggression (Farah et al., 2018). Moreover, grey matter density of the dorsolateral

prefrontal cortex (DLPFC) bilaterally and cortical thickness in the right anterior

cingulate cortex (ACC), medial frontal cortex, and inferior and medial temporal cortex

were positively associated with this type of aggression in normative adolescents of both

genders (Yang et al., 2017, Zhu et al., 2019a).

3.4. Functional analysis

3.4.1. Reactive aggression

3.4.1.1. Brain activation during resting periods or in response to tasks promoting
aggression

Regarding the relationship between reactive aggression and brain activation, a study

assessed whether this type of aggression (self-reported) was related to brain activation

during a resting period (before undergoing an fMRI task). The authors concluded that it

was positively related to activation of the medial PFC (mPFC) and negatively to the

posterior insula and the amygdala in offenders and in non-violent normative men (Siep

et al., 2019).

With regard to activation during tasks measuring aggressive behavior, a positive

association was found between reactive aggression and reactivity of the PFC, ACC,

striatum, and insula in normative young adults of both genders to PSAP (Skibsted et al.,

2017). Additionally, a study – which included alcohol consumption – concluded that

there was a positive relationship between amygdala and ventral striatum activation and

reactive aggression during the TAP in normative young adults of both genders, with this

association being mediated by alcohol consumption (Gan et al., 2015).
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When the sample was divided by participants’ sex, reactive aggression (measured with

the TAP) was positively associated with activation of the right inferior orbital

gyrus/ACC/right rectal gyrus in men, and negatively in normative young adult women

(Repple et al., 2018). The rest of the studies only measured brain activation in normative

young adult men. Specifically, research revealed that reactive aggression (assessed with

the TAP) was associated with increased neural activation in the bilateral insula cortex,

left-lateralized motor regions, left frontal lobe, left inferior parietal lobe, bilateral

putamen/globus pallidus, left-lateralized thalamus and caudate, and cerebellum

(Dambacher et al., 2015a, Emmerling et al., 2016). However, high reactive aggression

during PSAP was related to a low dopamine (DA) intrinsic synthesis capacity in the

midbrain, caudate nucleus, and putamen (Schlüter et al., 2013) and a higher magnitude

of the N2 component in the PFC in response to the TAP (Chen et al., 2019).

Lastly, the comparison of young adult men with anger management problems with

controls in response to the PSAP revealed that, specifically, the first group exhibited

higher brain activation in the bilateral anterior insula, bilateral putamen, and left

inferior frontal operculum, but decreases in activation in the bilateral ventromedial PFC

(vmPFC) and right precuneus, in comparison with controls (Gan et al., 2016).

3.5. Brain activation in response to tasks measuring emotional
processing

Regarding brain activation in processing emotional stimuli and its association with

reactive aggression, one study concluded that there was a negative association between

OFC reactivity to angry faces and reactive aggression (measured with the TAP) in healthy

young adults of both genders (Beyer et al., 2015). Moreover, another study found a

positive association between amygdala bilateral reactivity to angry faces and reactive

aggression in normative young women. Furthermore, high reactivity of the left inferior

occipital gyrus and bilateral superior temporal gyrus (STG) to emotional faces (angry vs

neutral) was related to higher reactive aggression on the Social Threat Aggression

Paradigm (STAP) (Buades-Rotger et al., 2016; 2018). In men, a positive association was

found between reactivity to emotional stimuli of the right middle frontal/precentral

gyrus and left inferior temporal/fusiform gyrus and reactive aggression (measured with

the TAP) in healthy young men (Beyer et al., 2014).

Self-reported reactive aggression was negatively associated with activation of the mid

and posterior insula and PAG in children of both genders who were watching a video of

an individual intentionally harming another individual (Michalska et al., 2016). Lastly,
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attenuated activation of the vmPFC in response to a social fairness game has been

related to high self-reported reactive aggression proneness in adolescents with ODD and

normative adolescents of both genders (White et al., 2016).

3.6. Brain functional connectivity

With regard to resting state functional connectivity (rsFC), a study that only considered

women concluded that the rsFC between the basolateral amygdala (BLA) and the

superior temporal gyrus was associated with increased reactive aggression in normative

young women, whereas BLA and right superior parietal lobule connectivity was related

to lower reactive aggression. Furthermore, the higher the changes in functional

connectivity between the BLA and medial orbitofrontal cortex (Mofc), the lower the

reactive aggression proneness on the STAP (Buades-Rotger et al., 2019).

Regarding functional connectivity in response to tasks, reactive aggression (measured

with the TAP and InterTemporal Aggression Paradigm) involved diminished functional

connectivity between the left orbitomedial prefrontal cortex (omPFC) and right angular

gyrus and bilateral caudate nucleus, as well as reduced functional connectivity between

the right omPFC and the right caudate nucleus and between the vmPFC and the

frontoparietal network (dorsolateral PFC, superior parietal lobule) and the cingulo‐

opercular network (dorsal anterior cingulate cortex) in young adults of both genders

(Chester et al., 2019, Jiang et al., 2018b).

Moreover, self-reported reactive aggression in aggressive and non-aggressive

adolescents of both genders tended to be related to enhanced connectivity between the

posterior cingulate cortex (PCC) and the parahippocampus, the left amygdala, and the

precuneus, but also reduced connectivity between the right anterior insula and the

nucleus caudate (Werhahn et al., 2020).

3.6.1. Proactive aggression

The analysis of brain activation and its relationship with proactive aggression revealed

that self-reported proactive aggression was associated with high mPFC and reduced

superior temporal sulcus activation during a resting period (pre-laboratory task

scanning) in young men offenders as well as in normative men (Siep et al., 2019).

The decrease in the glutamate concentration in the striatal was related to higher levels

of self-reported proactive aggression in adolescents of both genders with ODD or CD and

normative adolescents (Craig et al., 2019). In addition, this kind of aggressive behavior

(measured with the TAP) involved high activation of the right parietal lobe close to the
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postcentral gyrus and the right superior temporal gyrus in normative men (Emmerling

et al., 2016). Moreover, higher self-reported proactive aggression was positively

associated with a higher magnitude of the N2 component of event-related potentials and

decision-related negativity in the PFC in young male offenders and in normative males

(Chen et al., 2019). Finally, self-reported proactive aggression was negatively associated

with activation of the right amygdala during the processing of fearful faces in young

people of both genders with CD (Lozier et al., 2014).

With regard to functional connectivity, proactive aggression (self-reported and with the

InterTemporal Aggression Paradigm) was related to a reduced functional connectivity

between the left PCC and the right DLPFC, right IPL, right mPFC/ACC, and bilateral

precuneus, as well as between the dorsal striatum and insula and supplemental motor

area, and high functional connectivity between the left DLPFC and the left inferior

parietal lobes in young adults of both genders (Chester et al., 2019, Werhahn et al., 2020,

Zhu et al., 2019a). Finally, a negative association was found between functional

connectivity between the left inferior ventral striatum and the precuneus and self-

reported proactive aggression, but only in men with antisocial personality disorder

(ASPD) who were carriers of the low activity MAOA genotype (Kolla et al., 2018).

3.6.2. Non-invasive brain stimulation techniques

Of the nine studies that met the inclusion criteria, only four of them presented an initial

significant modulation of reactive and/or proactive aggression after applying non-

invasive brain stimulation (Chen, 2018; Perach-Barzilay et al., 2013; Riva et al., 2017;

Sergiou et al., 2021). Even so, it was necessary to consider ‘session order’, ‘time’, and/or

‘gender’, among others, to reach significance in four other studies. Curiously, most of the

research was carried out in healthy young adults of both genders, but only two of them

focused on men, specifically in clinical populations (Sergiou et al., 2021, Weidler et al.,

2020) (see Table 2).

Table 2. Main sociodemographic characteristics and details about the participants in each

study, the main results, and the assessment methods used (ordered by age and

alphabetically).
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Acute tryptophan

depletion

PSAP Repeated measures

ANOVA (comparati

study)

20 11.80 ± 1.88; 50%♂ 50%

♀; ADHD; -

Acute tryptophan

depletion

PSAG Chi-square(double-

blind, randomized

controlled trial)

10 25 years;

100%♂;normative; -

Acute tryptophan

depletion(25 and

100 gr)

PSAP Repeated measures

ANOVA(comparativ

study)

Authors

Sample

size

Age, gender and type

of group Neuroimaging

Aggression

assessment

Statistical analysi

design study

Neuroimaging techniques

Normative population

Sergiou et

al. (2021)

Weidler et

al. (2020)

Drug administration

Cherek and

Lane (1999)

Cherek and

Lane (2001)

Coccaro et

al. (1996)

Dougherty

et al. (1999)

Kötting et

al. (2013)

Moeller et

al. (1996)



22 10.91 ± 1.77; 100%♂

ADHD; -

Acute tryptophan

depletion

Computer

competitive

task

Repeated measures

ANOVA(double-

blind,randomized

controlled trial)

27 10.91 ± 1.77; 100%♂;

ADHD; -

Acute tryptophan

depletion

Competitive

reaction

time game

Correlational

analysis(double-bli

within-

subjectcrossover-

design)

40 30.25 ± 9.37; 100%♂

ADHD and normative;

-

Acute tryptophan

depletion

PSAG Repeated measures

ANOVA (double-

blind, randomized

controlled trial)

10 29.6 ± 6.1; 100%♂

normative; -

Citalopram (40 

mg)

PSAP Correlation analysi

(comparative study

11 28.5 ± 6.3; 64%♂ 36%

♀; ASPD; 82% African-

American

Zolmitriptan (5 

mg)

PSAP Univariate ANOVA

(double-blind,

placebo-controlled

6 9.0 ± 1.5;

100%♂;ADHD; -

Methylphenidate

(0.3 and 0.6 

mg/kg)

PSAP Repeated measures

ANOVA (double-

blind, placebo

controlled)

20 28.5 ± 1.5; 100% ♂;

inmates and controls; -

Baclofen (0.07,

0.14 and 0.28 

mg/kg)

PSAP Univariate ANOVA

(placebo-controlled

10 33.6 ± 10.9; 50%♂ 50%

♀; IED; -

Lorcaserim (20 

mg)

TAP T-test(double-blind

placebo-controlled

Authors

Sample

size

Age, gender and type

of group Neuroimaging

Aggression

assessment

Statistical analysi

design study

Neuroimaging techniques

Normative population

Stadler et

al. (2007)

Zepf et al.

(2008)

Zimmerman

et al., 2012

Fulwiler et

al. (2005)

Gowin et al.

(2010)

Casat et al.

(1995)

Cherek et

al. (2002b)

Coccaro and

Lee (2019)



12 35 years; 100%♂;CD; - Paroxetine (20 

mg/day)

PSAP Repeated measures

ANOVA (comparati

study)

80 24.33 ± 7.27; 53%♂ 47%

♀; normative; -

Paroxetine(40 

mg)

TAP Univariate ANOVA

(double-blind;

randomized

controlled trial)

47 23.68 ± 7.81; 55%♂ 45%

♀; normative; 68.1%

caucasian

Paroxetine (40 

mg)

TAP Regression

analysis(double-

blind; placebo-

controlled)

56 24.23 ± 4.48; 100%♂;

normative; 78%

caucasian

Paroxetine (20 

mg)

TAP Univariate

ANOVA(double-blin

placebo-controlled

30 From 20–45; 100% ♀;

PMDD; caucasian

Ulipristal acetate

(Esmya®) 5 mg

(daily/3 months)

PSAP Correlation

analysis(double-

blind,

randomized,placeb

controlled)

30 25 ± 5.3; 100% ♂;

heroin dependent and

normative; -

Buprenorphine

(8.6 ± 3.5 mg

daily) and

methadone (80.5 

± 26.1 mg daily)

PSAP Repeated measures

ANOVA (comparati

study)

64 21.3 ± 1.9; 100% ♂;

normative; chinese

5 mg of melatonin

and 200 mg of

TAP Univariate ANOVA

(double-blind;

Authors

Sample

size

Age, gender and type

of group Neuroimaging

Aggression

assessment

Statistical analysi

design study

Neuroimaging techniques

Normative population

Cherek et

al. (2002a)

Berman et

al. (2009)

Fanning et

al. (2014)

McCloskey

et al. (2009)

Kaltsouni et

al. (2021)

Gerra et al.

(2007)

Liu et al.

(2017)



starch or 200 mg

of starch

(placebo)

randomized;

controlled trial)

Note. ABTC: Aggression Behavior Teacher Checklist; ACC: Anterior Cingulate Cortex; AD: Alcohol

Dependent; ADHD: Attention-Deficit/Hyperactivity Disorder; ASPD: Antisocial Personality

Disorder; BOLD: Blood Oxygen Level Dependent; CD: Conduct Disorder; cTBS: Continuous Theta

Burst Transcranial Magnetic Stimulation; DLPFC: Dorsolateral Prefrontal Cortex; ERP: Event-

Related Potential; IED: Intermittent Explosive Disorder; ITAP: InterTemporal Aggression

Paradigm; fMRI: Functional magnetic resonance imaging; mPFC: medial Prefrontal Cortex; ODD:

Oppositional Defiant Disorder; PMDD: Premenstrual Dysphoric Disorder; PD: Personality

Disorder; PSAG: Point Subtraction Aggression Game; PSAP: Point Subtraction Aggression

Paradigm; ROI: Region of Interest; RPQ: Reactive Proactive Questionnaire; SOP: Social Orientation

Paradigm; STAP: Social Threat Aggression Paradigm; TAP: Taylor Aggression Paradigm; tDCS:

Transcranial Direct Current Stimulation; TU: Tobacco users; VLPFC; Ventrolateral Prefrontal

Cortex; VmPFC: Ventromedial Prefrontal Cortex.

3.6.3. Reactive aggression

Initially, stimulation with transcranial direct current stimulation (tDCS) over the right

VLPFC involved a reduction in reactive aggression measured with the TAP (Chen, 2018;

Riva et al., 2017), but not self-reported (Chen, 2018). Furthermore, application of high

definition tDCS or anodal tDCS bilaterally over vmPFC entailed reductions in reactive

aggression in heroin-dependent men (Sergiou et al., 2021) and young adults of both

genders (Gilam et al., 2018). In addition, inhibition of the left DLPFC through the

application of continuous theta burst transcranial magnetic stimulation (cTBS) was

associated with a greater increase in reactive aggression, in comparison with inhibition

of the right DLPFC (Perach-Barzilay et al., 2013). Moreover, another study pointed out

that only alcohol-dependent patients benefited from anodal tDCS over the right DLPFC,

Authors

Sample

size

Age, gender and type

of group Neuroimaging

Aggression

assessment

Statistical analysi

design study

Neuroimaging techniques

Normative population

https://www.sciencedirect.com/topics/neuroscience/blood-oxygen-level-dependent
https://www.sciencedirect.com/topics/neuroscience/transcranial-magnetic-stimulation
https://www.sciencedirect.com/topics/neuroscience/premenstrual-dysphoric-disorder
https://www.sciencedirect.com/topics/neuroscience/transcranial-direct-current-stimulation
https://www.sciencedirect.com/topics/neuroscience/ventrolateral-prefrontal-cortex
https://www.sciencedirect.com/topics/neuroscience/ventrolateral-prefrontal-cortex
https://www.sciencedirect.com/topics/neuroscience/ventromedial-prefrontal-cortex
https://www.sciencedirect.com/topics/neuroscience/transcranial-direct-current-stimulation
https://www.sciencedirect.com/topics/neuroscience/transcranial-magnetic-stimulation


given that they did not experience increases in reactive aggression after active

stimulation, but they did after sham stimulation (Weidler et al., 2020).

3.6.4. Proactive aggression

Inhibition of the left DLPFC increased proactive aggression, measured with the Social

Orientation Paradigm (SOP), in healthy young adults of both genders, in comparison

with inhibition of the right DLPFC (Perach-Barzilay et al., 2013). This was partly

supported by another study whose authors concluded that application of tDCS over the

right DLPFC only reduced proactive aggression, measured with the TAP, in young men

(Dambacher et al., 2015b). Moreover, a posterior study concluded that application of

tDCS over the right VLPFC reduced proactive aggression (assessed with the TAP, but not

self-reported) in young adults of both genders (Chen, 2018).

3.6.5. Drug administration

We also considered manuscripts that analyzed how aggression proneness was modified

after drug administration. In this regard, a total of 21 studies were included, of which

seven reported a direct effect on reactive aggression. Furthermore, it was necessary to

include additional variables to reach significance in 12 additional studies.

It should be kept in mind that the majority of the research in this block showed robust

methodological designs (i.e., double-blind, randomized, placebo-controlled…), but only a

few of them considered a sample size larger than or equal to 40 participants (Berman et

al., 2009, Fanning et al., 2014, Gerra et al., 2007, Kaltsouni et al., 2021, Liu et al., 2017,

McCloskey et al., 2009; Zimmermann et al., 2012), which should be considered a potential

risk of bias in the interpretation of the data. In any case, all the studies employed well-

validated measurements of reactive aggression (e.g., PSAP, TAP, among others).

Unfortunately, only four studies mixed men and women (Berman et al., 2009, Coccaro

and Lee, 2019, Fanning et al., 2014, Gowin et al., 2010), and the rest were based

exclusively on men. Lastly, many of these studies did not provide information about the

ethnicity of the participants. In fact, only six of them specified it (Berman et al., 2009,

Fanning et al., 2014, Gowin et al., 2010, Kaltsouni et al., 2021, Liu et al., 2017, McCloskey

et al., 2009).

These studies were organized according to the substance participants received.

Therefore, we will initially describe the results after d,l-fenfluramine administration,

followed by acute tryptophan depletion. Afterwards, we present results of citalopram,

https://www.sciencedirect.com/topics/neuroscience/tryptophan
https://www.sciencedirect.com/topics/neuroscience/citalopram


zolmitriptan, methylphenidate, baclofen, lorcaserim, ulipristal acetate, buprenorphine,

and melatonin.

Of the three studies that assessed d- or d, l-fenfluramine effects (enhancing 5-HT

liberation and inhibiting its reuptake) on PSAP performance, only one of them obtained

a direct association between d-fenfluramine peak levels in blood - after the

administration of 0.5 mg/kg - and a reduction in reactive aggression on the PSAP in a

group of young men with personality disorders (Coccaro et al., 1996). For the other two

studies, it was completely necessary to consider the dose of d-fenfluramine

administration to find a reduction in reactive aggression in young men with conduct

disorders. In fact, it was necessary to administer doses of d, l-fenfluramine ranging from

0.4 to 0.8 mg/kg to reduce reactive aggression in boys with CD (Cherek and Lane, 1999,

Cherek and Lane, 2001).

Of the six manuscripts that assessed the manipulation of tryptophan (precursor of 5-HT)

levels, none of them reported a main ‘drug’ effect on reactive aggression measured with

PSAP and PSAG. These studies were conducted in young adult males (Dougherty et al.,

1999, Moeller et al., 1996) and mainly in adolescent boys with Attention-

Deficit/Hyperactivity Disorder (ADHD) (Kötting et al., 2013, Stadler et al., 2007, Zepf et al.,

2008; Zimmermann et al., 2012). Curiously, it was necessary to include additional

variables to reach significance. In fact, significant ‘drug’ effects were found after

considering ‘hostility trait’ (Dougherty et al., 1999), provocation (Kötting et al., 2013,

Stadler et al., 2007), ‘group’ (Zimmermann et al., 2012), and ‘session’ (Moeller et al.,

1996). Thus, Dougherty et al. (1999) concluded that only normative young men with high

hostility trait reported an increase in reactive aggression after acute tryptophan

depletion. Nonetheless, in adolescents of both genders with ADHD, acute tryptophan

depletion increased reactive aggression after low provocation (Kötting et al., 2013;

Stadler et al., 2007; Zimmermann et al., 2012). In contrast, another study reported that

administration of beverages of 25 or 100 g to promote acute tryptophan depletion

increased reactive aggression after 5–6 sessions/days of treatment in normative young

men (Moeller et al., 1996).

After administering 40 mg of citalopram (a selective serotonin reuptake inhibitor) in

healthy young men, a high response to citalopram (prolactin changes) was related to

reduced reactive aggression during PSAP (Fulwiler et al., 2005).

Research assessing the role of zolmitriptan (a selective 5-hydroxytryptamine 1B/1D

receptor agonist) in aggression found reduced reactive aggression after administrating 5 

https://www.sciencedirect.com/topics/neuroscience/zolmitriptan
https://www.sciencedirect.com/topics/psychology/methylphenidate
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/baclofen
https://www.sciencedirect.com/topics/neuroscience/ulipristal-acetate
https://www.sciencedirect.com/topics/neuroscience/buprenorphine
https://www.sciencedirect.com/topics/neuroscience/melatonin
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tryptophan
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/citalopram
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/zolmitriptan


mg of this drug in combination with alcohol (0.4-g/kg or 0.8-g/kg) in young adults of both

genders with ASPD (Gowin et al., 2010).

Regarding ADHD patients, another study reported that these boys only reported a

reduction in reactive aggression (measured with PSAP) after a maximum dose of 0.6

methylphenidate mg/kg (Casat et al., 1995).

Another study assessed the effects of baclofen, a drug modulating 5-HT receptors

through GABAB receptors, in young men with conduct disorder. The authors concluded

that a maximum dose of 0.28 mg/kg produced a decrease in reactive aggression in these

young men, but an increase in normative men (Cherek et al., 2002b).

Young adults of both genders with intermittent explosive disorder presented decreased

reactive aggression after the administration of 20 mg of lorcaserin (a direct agonist at 5-

HT2c receptors) (Coccaro and Lee, 2019).

Four additional studies assessed whether paroxetine (a 5-HT reuptake inhibitor)

decreased reactive aggression. Only one study reported a decrease in reactive

aggression in a group of healthy young adult men after administrating 20 mg of

paroxetine (McCloskey et al., 2009). Two studies also reached significance, but it was

necessary to consider the number of days administrating paroxetine (specifically 16) to

find significant decreases (Cherek et al., 2002a). Moreover, only young adults of both

genders with a previous history of aggressive attacks showed reductions in reactive

aggression after 40 mg of paroxetine (Berman et al., 2009).

A group of premenstrual women with dysphoric disorder received 5 mg of ulipristal

acetate (selective progesterone receptor modulator) or a placebo daily for three months.

After treatment, only the placebo group presented a negative relationship between

fronto-cingulate reactivity and reactive aggression (measured with PSAP), but this

association did not reach significance in the ulipristal acetate group (Kaltsouni et al.,

2021).

A study assessed whether heroin-dependent patients treated with buprenorphine or

methadone presented changes in PSAP in comparison with a group of normative men.

Although there were no differences between the heroin patients, both groups of treated

heroin-dependent patients presented higher reactive aggression than the control group

(Gerra et al., 2007).

Lastly, acute administration of melatonin (5 mg) was related to higher reactive

aggression (measured with the TAP) compared to the placebo in healthy young men (Liu

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/methylphenidate
https://www.sciencedirect.com/topics/neuroscience/baclofen
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/4-aminobutyric-acid-b-receptor
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/intermittent-explosive-disorder
https://www.sciencedirect.com/topics/neuroscience/lorcaserin
https://www.sciencedirect.com/topics/neuroscience/agonist
https://www.sciencedirect.com/topics/neuroscience/dysphoric-disorder
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/ulipristal
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/ulipristal
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et al., 2017).

3.7. Psychophysiology

Of the 37 studies included in this section, 16 reported a direct association between a

specific psychophysiological marker and reactive and/or proactive aggression.

Moreover, 21 failed to find or did not report an association for the full sample, but of

them, 13 reached significance after including additional variables (e.g., group, gender,

history of victimization, among others) (Table3).

Table 3. Main sociodemographic characteristics and details about the participants in each

study, the main results, and the assessment methods used (ordered by age and

alphabetically).

150 4 years; 50%♂ 50%

♀; normative; 15%

West European, 14%

South Asian, 14%

American

Resting SC Little et al.,

(2003) self-

report

Correlation

analysis(comparative

study)

N

63 From 8–18; 30% ♂

70% ♀ODD, CD and

normative; -

SCR in response to

emotional facial

stimulus

RPQ Correlation

analysis(comparative

study)

N

re

83 From 12–18; 40% ♂

60% ♀normative; -

SCR in response to

emotional video

scenes

RPQ Correlation

analysis(comparative

study)

N

Authors

Sample

size

Age, gender and

type of group Psychophysiology

Aggression

assessment

Statistical analysis;

design study

Si

re

(d

as

Aggression measured with self-reports

Normative population

Children and adolescents

Song et

al.

(2020)

Aggenst

einer et

al.

(2020)

Ahmed

et al.

(2018)



196 10.11 ± 0.64;

46%♂54% ♀;

Normative; -

Systolic and

diastolic blood

pressure

reactivity and SCR

in response to

interview

CSBS Correlation

analysis(longitudinal

study)

N

re

340 9.06 ± 0.60;

48.2%♂51.8% ♀;

normative; 52%

African American

SC in response to

video

(unconditioned

responses)

RPQ Correlation

analysis(comparative

study)

N

306 From 10–18;

45%♂55%

♀;normative; 42,9%

Hispanic

SC in response to

laboratory

(unconditioned

responses and

orienting

respones)

RPQ One way

ANOVA(longitudinal

study)

Ye

360 9.72 ± 0.62; 65%

♂35% ♀; normative;

76.4% African-

American

Resting SCL and

RSA

ABTC Correlation

analysis(longitudinal

study)

N

272 8 years; 50% ♂ 49%

♀; normative; 70%

European American

HR and SCL

reactivity to a

computer

competitive game

ABTC Regression

analysis(comparative

study)

Ye

188 9–12; 65.4% ♂ 34.6%

♀; normative; 75.5%

Resting RSA and

SCL

RPQ Regression

analysis(comparative

N

Authors

Sample

size

Age, gender and

type of group Psychophysiology

Aggression

assessment

Statistical analysis;

design study

Si

re

(d

as

Aggression measured with self-reports

Normative population

Children and adolescents

Banny

et al.

(2014)

Gao et

al.

(2018)

Gao et

al.

(2015)

Glenn

et al.

(2019)

Hubbar

d et al.

(2002)

Kassing

et al.



African American study)

68 9.64 ± 2.08; 62%♂

38% ♀;normative;

87.5% White

Resting HR, HRV

and SCL

R-PRPA Correlation

analysis(comparative

study)

Ye

189 7.64 years; 52%♂

48% ♀;normative; -

Resting HR and

RSA

Teachers’

Ratings of

Proactive

and

Reactive

Aggression

Correlation

analysis(longitudinal

study)

Ye

35 11.32 ± 1.07; 54%♂

34.6% ♀; normative;

66% European

American

Resting RSA and

SCL and response

to aggressive task

Laboratory

aggression

task

Regression

analysis(comparative

study)

Ye

85 15.53 ± 1.28; 100%♂;

normative; 69%

African American

Resting SCL and in

response to

competitive task

PCS Regression

analysis(comparative

study)

N

334 11–17; 58.4%♂ 41.6%

♀;normative; -

Resting HR RPQ Regression

analysis(comparative

study)

Ye

585 From 16–18;

52%♂48% ♀;

normative; 17%

African American

Resting HR and

HR reactivity to

videos

RPQ Correlation

analysis(comparative

study)

N

re

Authors

Sample

size

Age, gender and

type of group Psychophysiology

Aggression

assessment

Statistical analysis;

design study

Si

re

(d

as

Aggression measured with self-reports

Normative population

Children and adolescents

(2018)

Scarpa

et al.

(2010)

Xu et

al.

(2014)

Moore

et al.

(2018)

Muñoz

et al.

(2008)

Raine

et al.

(2014)

Crozier

et al.

(2008)

Young adults and adults



454 20.3 ± 2.90; 33% ♂

67% ♀normative;

39.2% Hispanic

Resting SCR and

HRR and in

response to TSST

RPQ Correlation analysis

(comparative study)

Ye

159 21.6 ± 3.15; 100% ♀;

normative; 32%

Hispanic and 27%

Pacific-Islander

PEP and RSA in

response to social

stress task

RPQ Regression

analysis(longitudinal

study)

N

247 18.77 ± 0.97; 26%♂

74% ♀; normative;

84% Caucasian

RSA and SCL

reactivity in

response to social

stress task

Self-Report

of

Aggression

Regression

analysis(comparative

study)

N

83 22.02 ± 2.71; 100% ♀;

normative; 91%

Caucasian

RSA, SBPR, DBPR,

HRR and SCL in

response to social

competence

interview

Self-Report

of

Aggression

and Social

Behavior

Measure

Regression

analysis(comparative

study)

N

16 20.31 ± 1.62; 69%♂

31% ♀;normative; -

Mean magnitude

of physiological

response

RPQ Correlation

analysis(comparative

study)

N

335 16.15 ± 0.89; 100%♂;

normative; 58.5%

African American

Resting HR and in

response to stress

tasks

RPQ Correlation

analysis(comparative

study)

Ye

76 21.49 ± 4.14; 38%♂

62% ♀;normative;

HR, RSA and SCL

and in response to

RPQ Correlation

analysis(comparative

Ye

Authors

Sample

size

Age, gender and

type of group Psychophysiology

Aggression

assessment

Statistical analysis;

design study

Si

re

(d

as

Aggression measured with self-reports

Normative population

Children and adolescents

Armstr

ong et

al.

(2019)

Hagan

et al.

(2020)

Murray

-Close

et al.

(2017)

Murray

-Close

and

Rellini

(2012)

Poltavs

ki et al.

(2018)

Portnoy

et al.

(2014)

Puhalla

and



51% Caucasian TAP study)

104 19.85 ± 1.17; 17%♂

83% ♀;normative;

84% White

Resting RSA RPQ Correlation

analysis(comparative

study)

Ye

83 19.57 ± 1.10; 100% ♀;

normative; 87%

White

Resting RSA RPQ Correlation

analysis(comparative

study)

Ye

180 19.50 ± 1.04; 23%♂

77% ♀;normative;

94.6% White

RSA and SCL in

response to social

competence

interview

SRASBM Correlation

analysis(comparative

study)

N

168 19.48 ± 1.02; 23%♂

77% ♀;normative;

94.6% White

SCL in response to

challenge task

SRASBM Correlation

analysis(comparative

study)

N

84 21.85 ± 6.67; 32%♂

68% ♀;normative;

34% Caucasian 20%

Black

Resting RSA and

in response to

decision-making

task

RPQ Correlation

analysis(comparative

study)

Ye

40 59.80 ± 1.81; 58%♂

42% ♀;normative;

88% White

Resting HR and

HRV

R-PRPA Correlation

analysis(comparative

study)

N

Authors

Sample

size

Age, gender and

type of group Psychophysiology

Aggression

assessment

Statistical analysis;

design study

Si

re

(d

as

Aggression measured with self-reports

Normative population

Children and adolescents

McClos

key

(2020b)

Thomso

n and

Beauch

aine

(2018)

Thomso

n et al.

(2019)

Wagner

and

Abaied

(2015)

Wagner

and

Abaied

(2016)

Zhang

and

Gao

(2015)

Scarpa

et al.

(2008)



66 8–12; 100%♂;

ODD/CD; -

Resting HR, HRV

and SCL and in

response to stress

(computer task)

IRPA Correlation

analysis(comparative

study)

N

re

92 19.09 ± 1.25; 100%

♀;IPV perpetrators

and normative; 95%

White

Resting HR and

resting heart rate

variability

expressed in

standard

deviation of

successive

interbeat intervals

RPQ Correlation

analysis(comparative

study)

Ye

127 22.42 ± 2.38;

100%♂;Multiproblem

and controls; -

Resting HR, PEP,

RSA and SCL and

in response to film

clips

RPQ Regression

analysis(comparative

study)

N

48 From 8–13; 50%♂

50% ♀; normative; -

HR and HRV in

respone to PAM

PAM Univariate ANOVA

(comparative study)

N

re

Authors

Sample

size

Age, gender and

type of group Psychophysiology

Aggression

assessment

Statistical analysis;

design study

Si

re

(d

as

Aggression measured with self-reports

Normative population

Children and adolescents

Clinical population

Schoorl

et al.

(2016)

Brzozo

wski et

al.

(2021)

Zijlman

s et al.

(2021)

Aggression measured with laboratory tasks

Children and adolescents

Juujärv

i et al.

(2006)



15 11.8 ± 1.9; 47%♂ 53%

♀; ADHD; -

Acute tryptophan

depletion (SCL)

PSAG Correlation

analysis(comparative

study)

N

60 15.65 years; 50%♂

50% ♀; normative; -

ERP in response

TAP

TAP Correlation

analysis(comparative

study)

Ye

74 20.76 ± 0.72; -;

normative; -

HR response to

TAP

TAP Univariate

ANOVA(comparative

study)

N

re

64 From 20–54; 50%♂

50% ♀; normative; -

HR, systolic and

diastolic blood

preassure three

moments (pre,

+40 min, post-)

TAP Regression

analysis(comparative

study)

Ye

81 22.02 ± 4.46; 32%♂

68% ♀; normative;

59% Caucasian

Resting HR and

HRV

TAP Correlation

analysis(comparative

study)

Ye

Note. ABTC: Aggression Behavior Teacher Checklist; CSBS: Children's Social Behavior Scale; HR:

Heart Rate; HRR: Heart Rate Reactivity, HRV: Heart Rate Variability; IRPA: Instrument for Reactive

and Proactive Aggression; PAM: Pulkkinen Aggression Machine; PCS: Peer Conflict Scale; PSAG:

Point Subtraction Aggression Game; R-PRPA: Revised Parent Rating Scale for Reactive and

Proactive Aggression; SC: Skin Conductance; SRASBM: Self-Report of Aggression and Social

Behavior Measure.

Authors

Sample

size

Age, gender and

type of group Psychophysiology

Aggression

assessment

Statistical analysis;

design study

Si

re

(d

as

Aggression measured with self-reports

Normative population

Children and adolescents

Von

Polier

et al.

(2014)

Pincha

m et al.

(2015)

Young adults

Assaad

et al.

(2006)

Hoaken

et al.

(2003)

Puhalla

et al.

(2020a)

https://www.sciencedirect.com/topics/neuroscience/positive-allosteric-modulator


We considered it appropriate to divide this section into two blocks. The first block is

dedicated to summarizing the relationship between resting psychophysiological levels

and aggression, and the second block assesses the relationship between

psychophysiological markers in response to specific tasks and aggressive behavior.

3.8. Resting periods

3.8.1. Reactive aggression

Some studies showed that the resting heart rate (HR) is negatively associated with self-

reported reactive aggression in children of both genders (Raine et al., 2014; Xu et al.,

2014) and adolescent males (Portnoy et al., 2014), although we cannot conclude that

there is a homogeneous pattern of results. In fact, Scarpa et al. (2010) concluded that

resting HR was only positively associated with self-reported reactive aggression in

children of both genders. Moreover, additional research only obtained significant effects

after splitting the full sample into groups (boys with and without Oppositional defiant

disorder (ODD)/ conduct disorder (CD)). Thus, they concluded that resting HR and skin

conductance (SC; a sympathetic marker) were positively related to self-reported reactive

aggression only in boys with ODD/CD (Schoorl et al., 2016).

HR functioning is the result, at least in part, of the balance between the sympathetic and

parasympathetic branches of the autonomous nervous system, and so it would be

important to assess the functioning of each branch separately. For example, a

parasympathetic marker, resting respiratory sinus arrhythmia (RSA), was negatively

associated with reactive aggression, measured with a self-report and with a laboratory

aggression task, in children who received low inconsistent discipline (Kassing et al.,

2018), in adolescents (Moore et al., 2018; Xu et al., 2014), and in young adults of both

genders (Moore et al., 2018, Thomson and Beauchaine, 2018, Thomson et al., 2019).

Nonetheless, not all the studies were unanimous in their conclusions. For example,

Zhang and Gao (2015) concluded that resting RSA, Low Frequency/High Frequency-Heart

Rate Variability, and the Root Mean of the Squared Successive Differences (MSSD) (other

parasympathetic markers) were positively associated with self-reported reactive

aggression (as well as on a laboratory task) in young adults of both genders (Puhalla et

al., 2020a; Zhang et al., 2015) and adults of both genders who reported high levels of

witnessed community victimization (Scarpa et al., 2008). Hence, it is difficult to conclude

that the low predominance of PNS during resting periods could underlie reactive

aggression, except in adolescents.

https://www.sciencedirect.com/topics/psychology/skin-conductance
https://www.sciencedirect.com/topics/psychology/skin-conductance
https://www.sciencedirect.com/topics/psychology/nervous-system
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/sinus-arrhythmia


3.8.2. Proactive aggression

The conclusions showed that resting HR was negatively associated with self-reported

proactive aggression in children of both genders (Raine et al., 2014; Xu et al., 2014),

normative young adults of both genders (Puhalla et al., 2020a), adults of both genders

with high community victimization (Scarpa et al., 2008), adolescent normative men

(Portnoy et al., 2014), and boys with ODD/CD (Schoorl et al., 2016).

A sympathetic marker, resting SC, was positively associated with self-reported proactive

aggression in young adults of both genders (Armstrong et al., 2019) and in the presence

of high inconsistent discipline in children of both genders (Kassing et al., 2018).

Regarding parasympathetic markers, resting MSSD and RSA were positively associated

with self-reported proactive aggression in young adult women (Brzozowski et al., 2021;

Zhang et al., 2015).

3.8.3. Psychophysiological reactivity to laboratory tasks

3.8.3.1. Reactive aggression

HR reactivity to psychosocial acute stress and on measures of reactive aggression (PAM)

was negatively associated with reactive aggression in a sample of normative adolescent

males (Portnoy et al., 2014) and children of both genders (Juujärvi et al., 2006),

respectively. Nevertheless, HR reactivity during a computer competitive game was

positively associated with self-reported reactive aggression in children of both genders

(Hubbard et al., 2002). These results are congruent with another study that found an

association between HR reactivity to the TAP and reactive aggression under alcohol

intoxication in normative adults (Assaad et al., 2006).

Regarding systolic and diastolic blood pressure, which are regulated by carotid

baroreceptors, changes to laboratory tasks were negatively associated with reactive

aggression (TAP and self-reported) in normative adults and children of both genders

(Banny et al., 2014, Hoaken et al., 2003).

With regard to sympathetic markers, SC reactivity during a computer competitive game

was positively associated with self-reported reactive aggression in children of both

genders (Hubbard et al., 2002) and in response to acute stress in young adults of both

genders (Murray-Close et al., 2017, Wagner and Abaied, 2016). However, SC reactivity to

facial stimuli (specifically negative faces) was negatively related with reactive

aggression in children and adolescents with ODD/CD and normative children and

https://www.sciencedirect.com/topics/neuroscience/baroreceptor


adolescents of both genders (Aggensteiner et al., 2020). In this regard, the interaction

between this marker (SC) and RSA revealed that high RSA and low SC reactivity in

response to acute stress was associated with self-reported reactive aggression in

individuals who reported relational victimization (Wagner and Abaied, 2015).

Additionally, in adolescents of both genders, LPP (EEG) difference scores correlated

positively with high reactive aggression measured with the TAP (Pincham et al., 2015).

Regarding parasympathetic markers, RSA reactivity was negatively associated with

reactive aggression (measured with a laboratory task) in adolescents of both genders

(Moore et al., 2018), and positively associated, in response to a decision-making task,

with self-reported reactive aggression in young adults of both genders (Zhang et al.,

2015). However, high RSA reactivity to a social stress task was associated with high self-

reported reactive aggression, specifically in young women who reported high levels of

family conflict (Hagan et al., 2020).

3.8.4. Proactive aggression

HR reactivity to psychosocial stress and other laboratory tasks (TAP) was negatively

associated with proactive aggression (measured with self-reports and TAP) in samples of

normative adolescent males (Portnoy et al., 2014), young adults of both genders (Puhalla

and McCloskey, 2020b), and young adult women with a previous history of sexual abuse

(Murray-Close and Rellini, 2012). However, HR reactivity to ambiguous emotional videos

and in response to acute stress was positively associated with self-reported proactive

aggression in normative adolescent males (Crozier et al., 2008) and in boys with ODD/CD

(Schoorl et al., 2016).

Regarding sympathetic markers, SC reactivity to an interview was positively associated

with self-reported proactive aggression only in adolescent normative boys and those

with ODD/CD (Moore et al., 2018, Schoorl et al., 2016). Additionally, poor SC conditioning

to fear was associated with high self-reported proactive aggression in adolescents of

both genders (Gao et al., 2015). However, not all the scientific studies reinforced these

results because SC reactivity to laboratory tasks (e.g., facial stimuli, psychosocial stress,

competitive tasks, social competence interview) was negatively related to self-reported

proactive aggression in children and adolescents with ODD/CD and normative children

of both genders (Aggensteiner et al., 2020) and young adults of both genders (Armstrong

et al., 2019, Moore et al., 2018, Wagner and Abaied, 2016).

With regard to parasympathetic markers, RSA and RMSSD reactivity in response to

laboratory emotional processing tasks or acute psychosocial stress were positively



associated with proactive aggression (measured with laboratory tasks, interviews,

and/or self-reported) in normative children and adolescents of both genders

(Aggensteiner et al., 2020), in boys with ODD/CD (Schoorl et al., 2016), in young adults of

both genders (Murray-Close et al., 2017), and in women with a previous history of sexual

abuse (Murray-Close and Rellini, 2012). However, RSA in response to a challenge task

was negatively associated with self-reported proactive aggression in young adults of

both genders (Wagner and Abaied, 2015).

3.9. Hormones

Of the 38 articles included that assessed the hormonal correlates of the two types of

aggression, only eight of them presented an initial significant association between

hormones and aggression. Of the studies that initially failed to find or did not report the

association, 21 of them reached significance after considering additional variables (e.g.,

gender, group, menstrual cycle…) (see Table 4).

Table 4. Main sociodemographic characteristics and details about the participants in each

study, the main results, and the assessment methods used (ordered by age and

alphabetically).

552 20.34 ± 3.05; 30% ♂ 70%

♀normative; 40%

Hispanic

Two saliva samples

(T and C)Baseline

and after task

RPQ Regression analy

(cross-sectional s

445 11.93 ± 0.60;

50.8%♂49.2%♀normative;

80% African American

Single baseline

saliva sample (T)

RPQ Correlation analy

(cross-sectional s

53 From 18–30;

100%♀normative; -

Two saliva samples

(T and C)

TAP Regression

analysis(cross-

Authors

Sample

size

Age, gender and type of

group

Hormonal

variable

Aggression

assessment

Statistical analy

design study

Non-experimental manipulation hormones

Self-reported aggression

Normative population

Armstr

ong et

al.

(2021)

Chen et

al.

(2018b)

Denson

et al.



sectional study)

245 15 years; 48%♂52% ♀;

normative; -

Single morning

blood C sample

Vragenlijst

Instrumentele

En Reactieve

Agressie

Correlation analy

(cross-sectional s

114 15.4 ± 1.90; 100% ♂; ASPD,

ODD/CD and normative;

81% non-European

Four baseline saliva

samples (OX, T and

C)

RPQ Univariate

ANOVA(longitud

and cross-section

study)

73 From 6–7; 55%♂45% ♀;

children at risk for

school-age conduct

problems; 91% North-

Americans

17 saliva samples

(C) in response to

acute laboratory

task

Aggression

Behavior

Teacher

Checklist

Correlation

analysis(cross-

sectional study)

158 9.72 ± 1.99; 100% ♀ADHD,

ODD, MDD, Tourette’s

syndrome or learning

disorders.55% African‐

American

Single morning

blood C sample

Aggression

Behavior

Teacher

Checklist

Correlation

analysis(cross-

sectional study)

172 From 12–16; 100%♂;CD

and normative; caucasian

Single saliva C

sample

Aggression

Behavior

Teacher

Checklist

Regression

analysis(longitud

study)

Authors

Sample

size

Age, gender and type of

group

Hormonal

variable

Aggression

assessment

Statistical analy

design study

Non-experimental manipulation hormones

Self-reported aggression

Normative population

(2013)

Poustka

et al.

(2010)

Clinical population

Bakker-

Huvena

ars et

al.

(2020)

Lopez-

Duran

et al.

(2009)

Stoppel

bein et

al.

(2014)

van

Bokhov

en et al.

(2005)



96 13, 16 and 21; 100%♂;CD

and normative; caucasian

Three annual

(averaged per year)

salivary T

Aggression

Behavior

Teacher

Checklist

Three one way

ANCOVAS(longitu

study)

20 23 ± 2.7; 50%♂

50%♀normative; -

4 salivary samples

C

TAP Correlation

analysis(cross-

sectional study)

43 21.03 ± 2.96;

100%♂;normative; 71%

caucasian

Two salivary T

before and after

task

PSAP Regression

analysis(cross-

sectional study)

99 19.51 ± 2.86; 39%♂

61%♀normative; -

Salivary T PSAP Correlation

analysis(cross-

sectional study)

151 19.78 ± 1.93;; 39%♂;

normative; 84.1%

caucasian

3 salivary T PSAP Repeated measu

ANOVA(cross-

sectional study)

237 21.73 ± 4.66; 48%♂

52%♀normative; -

2 salivary T PSAP Correlation and

regression

analysis(cross-

sectional study)

Authors

Sample

size

Age, gender and type of

group

Hormonal

variable

Aggression

assessment

Statistical analy

design study

Non-experimental manipulation hormones

Self-reported aggression

Normative population

Van

Bokhov

en et al.

(2006)

Aggression measured with laboratory tasks

Böhnke

et al.

(2010b)

Carré

and

McCor

mick

(2008)

Carré

et al.

(2009)

Carré

et al.

(2010)

Carré

et al.

(2013)



63 26; 39%♂; High risk and

normative; 94% African

American

4 salivary T PSAP Regression

analysis(cross-

sectional study)

49 From 18–30; 49%♂

51%♀normative; -

6 salivary T, C and

estradiol

PSAP Correlation and

regression

analysis(cross-

sectional study)

12 24.8 ± 7.5;

100%♀;normative; -

Single blood T PSAP Correlation

analysis(cross-

sectional study)

74 19.96 ± 2.43;

100%♂;normative;

caucasian

3 saliva samples

response task (T

and C)

PSAP Regression

analysis(cross-

sectional study)

201 20 ± 2.5; 52%♂;

48%♀;normative; 79.3%

white

Two saliva samples

(pre-post task) T, C

and estradiol

PSAP Regression

analysis(cross-

sectional study)

70 21 ± 3.00; 33%♂

67%♀normative; -

Five saliva samples:

T, C and estradiol

PSAP Regression

analysis(cross-

sectional study)

40 25.91 ± 5; 100%♀;

normative; -

Salivary sample of

T, estradiol,

progesterone and C

UG(rejection

rates)

Regression

analysis(cross-

sectional study)

40 From 13–17; 100%♀; 5 salivary samples

T, C and HR

TAP Correlation analy

(cross-sectional s

Authors

Sample

size

Age, gender and type of

group

Hormonal

variable

Aggression

assessment

Statistical analy

design study

Non-experimental manipulation hormones

Self-reported aggression

Normative population

Carré

et al.

(2014)

Cote et

al., 2013

Doughe

rty et

al.

(1997)

Geniole

et al.

(2011)

Geniole

et al.

(2013)

MacDo

nald et

al.

(2019)

Probst

et al.

(2018)

Rinnew

itz et al.



72 22.01 ± 3.42; 100% ♂;

normative; -

Three salivary

sample of T

PSAP Regression

analysis(cross-

sectional study)

40 From 20–33;

100%♂heroin addicts and

normative; -

Five blood samples:

NE, EPI, ACTH,

salivary cortisol

and GH and

psychophysiological

PSAP Repeated measu

ANOVA(cross-

sectional study)

12 24 ± 3.55; 100%♂MDMA

users; -

4 blood

samples:ACTH,

cortisol, NE andEP

PSAP Correlation

analysis(cross-

sectional study)

40 From 24–35;

100%♂heroin addicts and

normative; -

4 blood

samples:EPI, ACTH,

salivary cortisol

and GH and

psychophysiological

PSAP Repeated measu

ANOVA and

correlation

analysis(cross-

sectional study)

30 25 ± 5.3; 100% ♂; heroin

dependent and

normative; -

5 blood samples:NE,

EPI, ACTH and C

psychophysiological

PSAP Correlation analy

(cross-sectional s

Authors

Sample

size

Age, gender and type of

group

Hormonal

variable

Aggression

assessment

Statistical analy

design study

Non-experimental manipulation hormones

Self-reported aggression

Normative population

(2019)

Vongas

and Al

Hajj

(2017)

Clinical population

Gerra

et al.

(2001a)

Gerra

et al.

(2001b)

Gerra

et al.

(2004)

Gerra

et al.

(2007)

Experimental manipulation of hormones

Oxytocin

Normative population



17 32 ± 9.2; 100%♂;

normative; 53% African-

American

24 IU OX PSAP Placebo-controlle

45 From 18–21; 100%♀;

normative; -

24 IU OX PSAP Double-blind, pla

controlled

48 27.9 ± 6.00; 58%♂

42%♀normative; -

24 IU OX SOP Repeated measu

ANOVARCT

64 24.88 ± 6.38; 37%♂

63%♀normative; -

24 IU OX TAP Regression

analysis(cross-

sectional

study)Double-bli

randomized, pla

controlled

100 22.35 ± 2.14; 50%♂50%

♀;normative; non-

specified

24 IU OX UG(rejection

rates)

Repeated measu

ANOVARCT

57 From 18–35; 100%♂;CD

and normative; -

32 IU OX PSAP Double-blind, pla

controlled

Authors

Sample

size

Age, gender and type of

group

Hormonal

variable

Aggression

assessment

Statistical analy

design study

Non-experimental manipulation hormones

Self-reported aggression

Normative population

Alcorn

et al.

(2015)

Campb

ell and

Hausm

ann

(2013)

Ne'ema

n et al.

(2016)

Pfundm

air et

al.

(2018)

Zhu et

al.

(2019b)

Clinical population

Berend

s et al.

(2019)

Testosterone



121 25.27 ± 4.98; 100%♂

normative; 77.5%

caucasian

Exogenous T

administration

(androGEL)

PSAP T-test Double-bli

placebo-

controlled(cross-

sectional study)

23 From 20–50; 100%♂;

normative and AAs users;

60% white

Injections of T PSAP Double-blind; pla

controlledRCT

103 24.17 ± 3.76; 100%♂;

normative; -

50 mg T gel TAP Double-blind; pla

controlledRCT

56 23 years; 50%♂

50%♀Normative; -

20 mg

hydrocortisone + 5

saliva samples C

TAP Repeated measu

ANOVA (cross-

sectional study)

67 31.5 ± 9.6; ¿?♂¿? ♀;

inmates, SUD; -

20 mg C PSAP Double-blind, pla

controlled

Note. AAs: Anabolic-Androgenic Steroids; ABTC: Aggression Behavior Teacher Checklist; ACTH:

Adrenocorticotropic Hormone; ADHD: Attention Deficit Hyperactivity Disorder; ASPD: Antisocial

Personality Disorder; C: Cortisol; CD: Conduct Disorder; EPI: Epinephrine; GH: Growth Hormone;

IU: International Units; MDD: Major Depressive Disorder; MDMA:

Methylenedioxymethamphetamine; NE: Norepinephrine; ODD: Oppositional Defiant Disorder;

Ox: Oxytocin; PSAP: Point Subtraction Aggression Paradigm; RCT: Randomized Controlled Trial;

RPQ: Reactive Proactive Questionnaire; SOP: Social Orientation Paradigm; SUD: Substance Use

Disorder; TAP: Taylor Aggression Paradigm; T: Testosterone; UG: Ultimatum Game.

Authors

Sample

size

Age, gender and type of

group

Hormonal

variable

Aggression

assessment

Statistical analy

design study

Non-experimental manipulation hormones

Self-reported aggression

Normative population

Carré

et al.

(2017)

Pope et

al.

(2000)

Wagels

et al.

(2018)

Cortisol

Böhnke

et al.

(2010a)

Gowin

et al.

(2013)

https://www.sciencedirect.com/topics/neuroscience/adrenocorticotropic-hormone
https://www.sciencedirect.com/topics/neuroscience/mdma
https://www.sciencedirect.com/topics/psychology/norepinephrine


Based on the characteristics of the studies included, we decided to divide this section

into three parts. The first part is dedicated to baseline hormonal levels, and the second

part is dedicated to analyzing how changes in hormonal levels (endogenous levels

without external manipulation) in response to laboratory tasks are related to changes in

proneness to aggression. Then, the third block is dedicated to summarizing how

hormonal manipulation (exogenous administration) affects aggressive behavior.

3.9.1. Baseline hormonal levels

3.9.1.1. Reactive aggression

Focusing on reactive aggression, whereas cortisol (C) levels were negatively associated

with self-reported reactive aggression in a study that only included girls with psychiatric

disorders such as ADHD, ODD and/or Tourette’s syndrome (Stoppelbein et al., 2014), in

men the results were mixed. In fact, salivary baseline C levels were only positively

associated with self-reported reactive aggression in normative boys and boys with CD

(Van Bokhoven et al., 2005), whereas another study concluded that C (measured in

blood) was negatively related to this kind of aggression in normative adolescent men

(Poustka et al., 2010).

Baseline testosterone (T) in blood levels was negatively associated with reactive

aggression measured with the STAP in young normative women (Buades-Rotger et al.,

2016). In contrast, additional research concluded that high basal T predicted reactive

aggression (measured with the TAP) when C basal levels were high in young normative

women (Denson et al., 2013). In boys (normative and with CD), high baseline T levels

were also related to high self-reported reactive aggression (Van Bokhoven et al., 2006).

Finally, women with lower baseline estradiol who scored high on self-centered

impulsivity presented higher reactive aggression (measured with the PSAP) than those

with higher baseline estradiol and low self-centered impulsivity scores (Geniole et al.,

2013).

3.9.2. Proactive aggression

In the case of proactive aggression, as in reactive aggression, C was negatively associated

with self-reported proactive aggression in girls with psychiatric disorders such as

ADHDM, ODD, or Tourette’s syndrome (Stoppelbein et al., 2014), normative young adult

women (Armstrong et al., 2021), and adolescent men (Poustka et al., 2010). Furthermore,

self-reported proactive aggression was positively related to baseline T levels in

normative adolescent boys with CD (Van Bokhoven et al., 2006) (see Table 4).

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/hydrocortisone
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/diethylstilbestrol
https://www.sciencedirect.com/topics/neuroscience/diethylstilbestrol


3.9.3. Hormonal changes in response to a laboratory task

Of all the studies included in this section, only two found significant associations with

reactive aggression. Both were conducted with healthy young adult men (Carré and

McCormick, 2008, Geniole et al., 2011). One of them reported that aggression (measured

with the PSAP) was positively associated with changes in salivary T (Carré and

McCormick, 2008), and the other reported that T concentrations 10-min after initiating

the laboratory task were positively correlated with reactive aggression (Carré et al.,

2013, Carré et al., 2014; Cote et al., 2013; Geniole et al., 2011).

Of the research that did not find an initial significant association or did not conduct

analyses of the full sample, six reached significance after considering additional

variables along with hormonal values. Specifically, changes in T concentrations were

positively related to reactive aggression on the PSAP only in young adult men,

specifically those in the losing condition (Carré et al., 2009) and after being provoked

without reward (Carré et al., 2010). In young adult women, the results were affected by

the menstrual cycle. In fact, plasma T levels correlated negatively with reactive

aggression only during the midfollicular phase (Dougherty et al., 1997). Nonetheless, an

additional study concluded that, in healthy young women, baseline T levels were

positively correlated with reactive aggression in a laboratory task (Ultimatum Game),

with this association being stronger as C levels rose (Probst et al., 2018).

Finally, four other studies conducted only in men reported that C and

adrenocorticotropic hormone changes in response to laboratory tasks only correlated

positively with reactive aggression (measured with the PSAP) in healthy and normative

young men, but not in heroin addicts or patients receiving methadone. However,

noradrenaline and epinephrine in response to laboratory tasks were positively

correlated with reactive aggression in normative men and in men with a heroin

addiction or receiving methadone (Gerra et al., 2001a, Gerra et al., 2001b, Gerra et al.,

2004, Gerra et al., 2007).

3.9.4. Experimental manipulation of hormonal levels

Research was also conducted that manipulated the hormonal levels to assess how they,

in turn, affected aggression proneness (measured with laboratory tasks such as PSAP,

TAP, ultimatum game, and the social orientation paradigm). Most of them assessed

oxytocin (OX) manipulation, but others also included T and C.

Two of the six studies concluded that manipulating OX levels involved reductions in

reactive aggression in healthy young adults of both genders (Berends et al., 2019,
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Ne'eman et al., 2016), but the rest of the studies failed to report initial significant effects

(Alcorn et al., 2015, Campbell and Hausmann, 2013, Pfundmair et al., 2018, Zhu et al.,

2019b). Of these studies, three reached significance after considering gender (Zhu et al.,

2019b) and trait anxiety (Campbell and Hausmann, 2013, Pfundmair et al., 2018). Thus,

OX administration reduced reactive aggression in healthy young men, but not in women

(Zhu et al., 2019b). Another study concluded that women with high anxiety presented

higher reactive aggression during the PSAP than women with low anxiety levels, but the

differences disappeared in those who received OX (Campbell and Hausmann, 2013).

Contrary to previous results, the other study concluded that, only after provocation,

young adults of both genders with low trait anxiety who received OX and were rejected

presented higher reactive aggression than those who received the placebo (Pfundmair et

al., 2018).

With regard to T and C, Pope et al. (2000) found a direct association with variations in

reactive aggression during laboratory tasks, but the rest of the studies did not (Böhnke et

al., 2010a, Carré et al., 2017, Gowin et al., 2013). Specifically, administration of T

increased reactive aggression in androgenic-anabolic steroid users (Pope et al., 2000).

After including dominance along with T administration (Carré et al., 2017) and the

number of sections in the experimental procedure with C manipulation (Böhnke et al.,

2010a), two studies reached significance. In the first case, Carré et al. (2017) concluded

that T increased reactive aggression in healthy young men who scored low on trait

dominance. Moreover, Böhnke et al. (2010a) pointed out that C increases were related to

higher reactive aggression in healthy young adults of both genders in a block of several

trials, in comparison with the placebo group.

4. Discussion

The results described in our review allow us to conclude that genetic factors contribute

approximately 45% of the explained variance in reactive and proactive aggression, with

60% of these factors shared by both types, especially, for overt and physical expression

forms. In fact, only a small percentage of genes (less than 10%) are specific to each type

of aggression, although heritability seems to be more important in men than in women.

It is also important to highlight that the two types of aggression presented opposite

allelic risk associations with neurotransmission systems. Specifically, low functioning

variants of the MAOA-LPR genotype dysregulated serotoninergic and monoaminergic

functioning, increasing the risk of reactive aggression, whereas high functioning

variants facilitated proactive aggression. Other non-shared variants also affected

serotoninergic, vasopressin and dopamine neurotransmission or other basic cell
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processes. Brain structural analysis only revealed an overlapping between the two types

of aggression and alterations in the volume of the amygdala and temporal cortex.

Moreover, during resting periods, high medial PFC activation equally facilitates

proneness to both types of aggression. Specifically, whereas stimulation with non-

invasive brain techniques over the right VLPFC and DLPFC reduced proneness to both

types of aggression, inhibition of DLPFC facilitated their expression. Finally,

psychophysiological, and hormonal correlates, in general, did not make it possible to

differentiate between the two types, given that they were equally related to each type

(See Supplementary Table 2). Initially, the main objective of our study was two-fold. The

first aim was to summarize the biological correlates underlying reactive and proactive

aggression. The second was to use neuroscientific data to help to determine whether the

two types of aggression should be considered mutually exclusive concepts or

complementary. Most of the scientific research included in this review presented

correlational and cross-sectional research, and only a few studies showed robust

experimental designs (e.g., randomized controlled trials, double-blind, placebo-

controlled, etc.). Even though clinical and violent populations were included, most of the

data were obtained in normative young adults of both genders. The review also

highlighted that some studies only provide results for reactive aggression, which could

affect the interpretation of the data (e.g., drug administration, hormonal response to

laboratory tasks, and hormonal manipulation), specifically the analysis of proactive

aggression.

Regarding the reported effect sizes of the studies included in this review, the majority

calculated group differences by including partial eta squared as a measurement of effect

size in the ANOVAs (Richardson, 2011). Many of them presented effect sizes ranging

from small (ηp2 =0.01) to moderate (ηp2 =0.06). Riva et al. (2017) and Carré et al. (2013)

employed Cohen’s d for calculating t-test effect sizes. In both cases, Cohen’s d presented a

value lower than.500. Thus, we can conclude that those group differences were small

(Cohen, 1992). This was similar for those studies employing correlational and regression

analysis. The correlational coefficient (r) and standardized regression (beta or b)

coefficients were used to measure the strength of the associations (Peterson and Brown,

2005). Most of these associations included in our review ranged from small to moderate

(r and b standardized coefficient lower than.400). Among those studies reporting high

coefficient correlation or standardized beta coefficient, most of them presented small

sample sizes and obtained significant effects after subdividing the full sample into

subgroups (Carré and McCormick, 2008, Carré et al., 2009; Cote et al., 2013; Dougherty et

al., 1997; Fulwiler et al., 2005; Jiang et al., 2018b; Kolla et al., 2018; Repple et al., 2018;

Scarpa et al., 2008).
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Conclusions derived from twin studies allow us to conclude that heritability (genetic

factors) accounted for approximately 45% of the explained variance in both types of

aggression, with the rest mainly explained by non-shared environmental factors.

Approximately 60% of the genetic factors were shared by both types, especially for overt

and physical expression forms, and less than 11% of these factors were specific to each

type of aggression (Brendgen et al., 2006, Paquin et al., 2014, Tuvblad et al., 2009). Based

on these data, we can conclude that a common genetic etiology for both types is

modulated by experience (non-shared environmental factors), which conditions the

predominance of one type over the other. These results apparently contradict the

existence of a dichotomous model of mutually exclusive concepts, and they support a

complementary vision of the two types of aggression or even the distribution of both

types of aggression in a continuum. In any case, several authors speculated that this high

correlation between the two forms of aggression could be explained, at least in part, by

the fact that the self-reports employed to measure aggression exclusively consider overt

and physical forms of aggression (Brendgen et al., 2006, Paquin et al., 2017). Hence,

sharing a considerable percentage of genetic factors might be exclusive to overt and

physical expression forms of both types of aggression. In specific contexts both forms

might complement each other. Maybe an initial offensive/defensive physical attack

(short-term) could also have preventive effects (long-term). Conversely, introducing

other factors in heritability or genetic studies such as subtle or passive forms of anger

expression, motivations for expression, feelings underlying perpetration or factors

prone to expression, personality traits, among others, might reduce the percentage of

genetic factors shared between both. Moreover, heritability seemed to vary considerably

depending on gender, and Baker et al. (2008) indicated that heritability was extremely

important in men, whereas in women both forms of aggression were mainly explained

by non-shared environmental factors. Hence, the importance of gender in the

interpretation of the rest of the biological markers summarized in this review should be

kept in mind.

The analysis of allelic risk factors for aggression proneness revealed that MAOA gene

was equally involved in both forms of aggression, but the allelic risk factors differed,

presenting opposite effects. Whereas low functioning allele variants such as MAOA

promoter region (MAOA-LPR) alleles facilitate reactive aggression, high functioning

variants were associated with proactive aggression in normative and offenders

(Gallardo-Pujol et al., 2013, Hemmings et al., 2018, Kolla et al., 2014, Kuepper et al., 2013,

Schlüter et al., 2016, Van Donkelaar et al., 2020, Zhang et al., 2016). Low functioning

variants (or those with low transcription efficiency) were related to worse

serotoninergic and catecholaminergic (i.e., dopamine, norepinephrine, and epinephrine)
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neurotransmission regulation through their effects on the catalyzation of the oxidative

deamination, respectively. Their effects on neurotransmission should not be understood

as a generalized decrease or increase in 5-HT or monoaminergic total levels throughout

the central nervous system, given that richness of MAO activity varies in different brain

structures (Fowler et al., 1987). Hence, it would be better to conceive this as an

inefficient neurotransmitters system for dealing with situations entailing high levels of

uncertain or negative events (Caspi et al., 2003, Caspi et al., 2010). A better

understanding of their violence facilitation role could be achieved by assessing the link

between these low transcription variants with alterations in specific brain networks. In

this sense, carriers of low expression MAO-LPR variants tend to respond with a limbic

hyperreactivity to processing emotional stimuli, interpreting certain stimuli as

provoking and, in turn, facilitating reactive aggressive responses (Lee and Ham, 2008,

Meyer-Lindenberg et al., 2006). Neuroimaging studies also showed that monoaminergic

system alterations, such as dopaminergic and serotoninergic alterations, facilitated

proneness to reactive aggression. Specifically, dysregulations in dopaminergic (a

neurotransmitter metabolized by MAOA) functioning in the midbrain, caudate nucleus,

and putamen in young adult men explained higher reactive aggression (Schlüter et al.,

2013). Some of those brain structures belong to the nigrostriatal dopaminergic pathway,

which has been classically involved in voluntary movement, but their role for reward

prediction errors and interfering with salience of environmental stimuli has also been

suggested (Bissonette and Roesch, 2016, Horvitz, 2000). Therefore, dopaminergic

degradation alterations in this pathway might affect the detection of potential threating

or other relevant signals, facilitating in turn, proneness to aggression.

It should be kept in mind that other allelic risk variants were found that were not

necessarily shared by both types of aggression. Reactive aggression was also associated

with less efficient 5-HT transportation to recycle into the neurotransmitter pool (STin2

VNTR12 of the SLC6A4 gene) in offender men and normative women (Hemmings et al.,

2018, Peeters et al., 2020), metabolism of catecholaminergic neurotransmission (carriers

of Met alleles of COMT gene) (Zhang et al., 2016) and alterations in AVP 1B receptors

(Luppino et al., 2014), both of which are involved in deficits in emotional processing

and/or regulation. Other allelic variants were found that affected the cell cycle and

transcription during cell division (Van Donkelaar et al., 2020), which might be important

in explaining morphological brain alterations in individuals with a certain proneness to

reactive aggression. Emotional processing biases along with mood alterations explained

by serotoninergic dysregulation might facilitate reactive aggression. In fact, this mood

lability was sustained by low activity STin2 VNTR polymorphism, which has usually

been associated with mood dysregulations and/or disorders (Anguelova et al., 2003).
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Nonetheless, the high functioning variants of these genotypes seemed to be associated

with low emotionality aggression, that is, proactive. In fact, to develop this kind of

aggression, usually known as ‘cold-blooded’, it is necessary to have good control over

one’s emotions in order to anticipate how current reactions might affect the near future.

However, this did not involve better emotional abilities, as we discuss below.

Proactive aggression was associated with low functional alleles of the DRD4 gene

(Cherepkova et al., 2015) and allelic variants affecting transcriptional regulation of OXTR

(Fragkaki et al., 2019), both of which were related to alterations in social cognition.

These might affect social cognition through its interfering effects on the salience of

social relevant and emotional stimulus, establishment of satisfactory social interactions

or social rewarding processes, among others (Crespi, 2016). Additionally, SNP were also

found that affected morphological cell processes, such as 1062535 and rs13381941

(Lazebny et al., 2020). This might explain certain brain structural alterations or

vulnerability to developing these alterations when these individuals are exposed to

social risk factors. For example, it might explain the association between alterations in

liberation of glutamate in striatal, which entailed high self-reported proactive aggression

in normative and CD adolescents of both genders (Siep et al., 2019).

As can be seen above, reactive aggression has mainly been associated with genetic

alterations in the transportation and degradation of serotonin. Therefore, it seems

logical that interventions focused on these neurotransmitter pathways might reduce

aggression proneness, especially in aggressive individuals such as children with CD,

ODD, or ADHD, in adults with antisocial personality disorder or intermittent explosive

disorder, and/or normative individuals. In fact, several experimental studies assessed

how administering specific drugs to regulate directly serotonin neurotransmission

reduced reactive aggression (Berman et al., 2009, Cherek and Lane, 1999, Cherek and

Lane, 2001; 2002b; Cherek et al., 2002b; Coccaro et al., 1996; Coccaro and Lee, 2019;

Fulwiler et al., 2005; Gowin et al., 2010; McCloskey et al., 2009), whereas decreases in

serotonin levels through tryptophan depletion treatment increased it in normative

adolescents as well as in adolescents with ADHD (Dougherty et al., 1999, Kötting et al.,

2013, Moeller et al., 1996, Stadler et al., 2007, Zepf et al., 2008; Zimmermann et al., 2012).

However, previously described studies employed drugs affecting serotoninergic

pathways at different levels (e.g., inhibiting neurotransmitter reuptake, favoring

postsynaptic receptors activity, favoring neurotransmitter liberation, etc.). Thus, we

cannot conclude that a generalized malfunction of serotoninergic neurotransmission

exists, nor can we assume a generalized increase or decrease of 5-HT, given that not only

the mentioned drugs favor liberation of this neurotransmitter. However, we
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hypothesized that punctual reductions of reactive aggression in laboratory tasks after

improvements in regulation of serotonin neurotransmission, especially inhibiting 5-HT

reuptake, might be explained by the initial tendency of this kind of drugs to reduce

anxiety, which in turn increases the threshold for reacting impulsively (Romero-

Martínez et al., 2019). That is, regulating mood lability specifically reduces anxiety levels,

which might contribute to reducing the risk of reacting aggressively as impulsivity

declines.

The administration of other drugs that affect 5-HT receptors indirectly through GABAB

receptors (baclofen) also reduced reactive aggression in inmates (Cherek et al., 2002b).

In the same way, there were also other neurotransmitters and hormones involved that

did not directly affect serotoninergic pathways but reduced reactive aggression.

Concretely, the administration of melatonin (hormone) in normative adults (Liu et al.,

2017), buprenorphine or methadone (opioids) in heroin dependent patients (Gerra et al.,

2007) and ulipristal acetate (selective progesterone receptor modulator) in women with

premenstrual dysphoric disorder. This highlights how we cannot conclude that reactive

aggression was only explained by a general disruption of 5-HT neurotransmission.

Moreover, some of these substances, such as d,l-fenfluramine, applied in previous

research, not only favor liberation of 5-HT, but affect liberation of other

neurotransmitters such as dopamine and noradrenaline (Rothman et al., 2003). In this

sense, dopamine proved to be crucial for reward brain circuits (Horvitz, 2000), which

would affect aggressive behavior proneness interfering with future reinforcement or

not of this kind of aggressive behavior. This would also be supported by research which

has registered decreases in reactive aggression in patients with ADHD receiving

methylphenidate (Casat et al., 1995). These patients tend to experience a regulation of

dopaminergic and noradrenergic regulation after sustained treatment with this drug

(Engert and Pruessner, 2008). Whether we attend to those substances regulating

dopaminergic pathways, it seemed logical that favoring their functioning might reduce

the establishment of rewarding benefits after perpetrating reactive aggression. Thus, we

cannot diminish the role of other neurotransmitters, only paying attention to 5-HT,

without considering additional neurotransmitters and hormones. Unfortunately, there is

a gap in the scientific literature about whether certain drugs might interfere with

proactive aggression. To answer this question, it is necessary to discuss the results of

non-invasive brain stimulation techniques to treat proactive aggression to clarify the

contribution of certain brain circuits to each type of aggression.

All the non-invasive brain stimulation techniques were applied on different regions of

the PFC in normative young adults of both genders. The pattern of association was
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similar for both kinds of aggression; in other words, their proneness was facilitated by

stimulation of the high medial PFC and inhibition of the left DLPFC (Perach-Barzilay et

al., 2013). Conversely, stimulation of the right VLPFC (Chen, 2018; Riva et al., 2017) and

DLPFC (Dambacher et al., 2015b, Weidler et al., 2020) reduced their expression.

However, one result only showed interference with reactive aggression. Specifically,

bilateral stimulation of the vmPFC only reduced its proneness in normative (Sergiou et

al., 2021) and clinical populations (Gilam et al., 2018). All these studies measured

aggression with laboratory tasks; curiously, those that also included self-reports to

measure aggression failed to report significant changes (Chen, 2018, Ling et al., 2020;

Sergiou et al., 2021). Thus, it should be concluded that these techniques might interfere

with current aggression reactions, but they do not modify the general tendency to

manifest aggression reactively or proactively.

Neuroimaging studies also paid attention to the existence of morphological brain

differences that explained aggression differences. In this case, both types of aggression

shared morphological alterations in the amygdala (Bobes et al., 2013, Farah et al., 2018,

Naaijen et al., 2020, Pardini et al., 2014, Yang et al., 2017, Zhu et al., 2019a) and temporal

cortex (Yang et al., 2017, Zhu et al., 2019a). Conclusions about enlargement or shortening

of the GVM of the amygdala, especially right-sided, were mixed. Nonetheless, reactive

aggression involved shortening of the medial temporal cortex and proactive aggression

involved its enlargement. However, the contribution of these structures to emotion

processing was clear, especially in detecting the emotional valence (e.g., facial, prosody,

etc.).

There was no other overlapping between morphological volume associations and

aggressive behavior proneness. Specifically, reactive aggression was related to increases

in the left putamen volume and decreases in the right middle and superior temporal

gyrus and insula (Hofhansel et al., 2020, Naaijen et al., 2020, Yang et al., 2017, Zhu et al.,

2019a). Curiously, these structures are involved in processes such as emotion driven

decisions, discriminating emotional prosody, and/or facial emotion processing

(Eimontaite et al., 2019, Uddin et al., 2017, Zhang et al., 2018). Therefore, these brain

structures are critical for processing contextual stimuli, which in turn lowers the

threshold for reacting impulsively with aggression after misunderstanding contextual

stimuli. Moreover, these misinterpretations frequently affect inner emotional states,

which also facilitate aggression proneness.

Proactive aggression is related to decreases in the volume of the PCC and lateral frontal

cortex, but with a larger volume of the DLPFC (bilaterally), medial frontal cortex, ACC
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(bilaterally), inferior and medial temporal cortex in both genders (Bobes et al., 2013,

Farah et al., 2018, Naaijen et al., 2020, Pardini et al., 2014, Yang et al., 2017, Zhu et al.,

2019a). These brain structures are involved in elaborating plans, intervening in decision-

making processes, and regulating attentional focus, among others (Brown and Braver,

2005, Leech and Sharp, 2014, Stevens et al., 2011).

We also found studies that detected a certain degree of overlapping between the two

types of aggression and brain functioning. Specifically, high medial PFC activation

during resting periods meant high proneness to both types of aggression (Siep et al.,

2019). Another study provided evidence that the N2 component of event-related

potentials (in PFC) equally facilitates proneness to reactive and proactive aggression

(Chen et al., 2019). This ERP component might be related to cognitive control before

responding to confrontation. Therefore, both types of aggression might be initiated by

the same structure, but the rest of the processes were supported by other brain

structures, which explains the differences in expression. In fact, it would be necessary to

understand the functional brain connectivity underlying each type.

It is important to keep in mind that numerous studies assessed reactive aggression in

normative and clinical populations of both genders, but proactive aggression was

mainly measured in men. Thus, this made it difficult to draw conclusions because

gender was extremely important in understanding these results. For example, reactive

aggression involved high activation of the PFC, ACC, striatum, amygdala, ventral

striatum, and insula in both genders (Gan et al., 2015; Skibsted et al., 2017). Furthermore,

the higher the reactive aggression proneness (men with serious difficulties controlling

anger expression), the higher the activation of the insula, putamen, left inferior frontal

operculum, and lower vmPFC and precuneus (Gan et al., 2016). Nonetheless, after

splitting the genders, the patterns of activation differed sufficiently to explain reactive

proneness in men and women (Repple et al., 2018).

In men, reactive aggression proneness involved high activation of the dorsal medial PFC,

right inferior orbital gyrus/ACC/right rectal gyrus, insula, left frontal lobe, left inferior

parietal lobe, bilateral putamen/globus pallidus, thalamus, caudate, and left hemisphere

of the cerebellum (Dambacher et al., 2015a, Emmerling et al., 2016, Lotze et al., 2007,

Repple et al., 2018). Proactive proneness involved high activation of the right parietal

lobe and the right superior temporal gyrus (Emmerling et al., 2016).

Nevertheless, it is possible to mention that functional connectivity was studied in

samples composed of young adults of both genders together. Specifically, reactive

aggression entailed enhanced connectivity between the PCC and the parahippocampus,
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the left amygdala, and the precuneus, diminished functional connectivity between the

left omPFC and the right angular gyrus and bilateral caudate nucleus, and reduced

functional connectivity between the right omPFC and the right caudate nucleus and

between the vmPFC and the frontoparietal network (dorsolateral PFC, superior parietal

lobule) and the cingulo‐opercular network (dorsal anterior cingulate cortex) and

between the right anterior insula and the nucleus caudate (Chester et al., 2019, Jiang et

al., 2018b, Werhahn et al., 2020). One could speculate about the importance of these

brain networks for behavioral control and impulsivity, given that high levels of

impulsive aggression in ADHD patients have been linked with PFC and cingulate cortex

morphological alterations, whereas deficits in inhibitory control of these patients have

been associated with the hypoactivity of the lateral PFC with the insula and the

amygdala (Puiu et al., 2018). In the case of proactive aggression, it involved reduced

functional connectivity between the left PCC and the right DLPFC, right IPL, right

mPFC/ACC, and bilateral precuneus, as well as reduced connectivity between the dorsal

striatum and the insula and supplemental motor area and high functional connectivity

between the left DLPFC and the left inferior parietal lobes (Chester et al., 2019, Werhahn

et al., 2020, Zhu et al., 2019a).

Reactive aggression, or ‘hot-blooded’ aggression, would be expected to entail basal or

resting psychophysiological hyperreactivity; in contrast, hypoarousal would be

associated with instrumental and/or proactive aggression. Nevertheless, results of this

review were far from homogeneous, specifically for reactive aggression. Most of the

studies pointed in the following direction. That is, proactive aggression involved low

resting HR, but high sympathetic (e.g., SC levels) and parasympathetic activation (e.g.,

RSA, LF/HF, and MSSD) (Armstrong et al., 2019, Brzozowski et al., 2021, Kassing et al.,

2018, Portnoy et al., 2014, Puhalla et al., 2020a, Schoorl et al., 2016; Zhang et al., 2015).

Some studies pointed in the same direction for reactive aggression (Raine et al., 2014,

Portnoy et al., 2014, Puhalla et al., 2020a, Scarpa et al., 2008, Schoorl et al., 2016; Xu et al.,

2014; Zhang et al., 2015), but others found the opposite pattern of results for HR (Scarpa

et al., 2010, Schoorl et al., 2016) and RSA (Moore et al., 2018, Kassing et al., 2018,

Thomson and Beauchaine, 2018; Xu et al., 2014). Apparently, it was difficult to conclude

that there was simultaneous high activation of sympathetic and parasympathetic

branches of the ANS. However, this can be explained from a methodological point of

view, especially applying statistical interpretation, given that all the studies included

were correlational. Hence, the results should be understood as a tendency in

relationships between variables, and not as mutually exclusive results (e.g., the same

individuals experiencing simultaneous activation of both systems). Thus, it is difficult to

conclude that there is a differential resting pattern of ANS functioning for each type of

https://www.sciencedirect.com/topics/neuroscience/precuneus
https://www.sciencedirect.com/topics/neuroscience/angular-gyrus
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aggression. In any case, we argue against the clinical value of a resting period because

the reliability of these data tends to be low and dependent on multiple factors.

Results for the psychophysiological response to laboratory tasks also offered mixed

conclusions and do not allow us to differentiate between the two types of aggression

even though we did not consider the laboratory task employed for promoting

psychophysical changes. However, if we restrict the interpretation to studies that

employed laboratory tasks assessing aggression in normative individuals of both

genders, we can conclude that reactive aggression involved higher HR and sympathetic

reactivity along with low parasympathetic changes in children and adults (Assaad et al.,

2006, Hubbard et al., 2002, Moore et al., 2018). Based on this, we can draw conclusions

about sympathetic hyperreactivity and a low vagal tone. However, it should be kept in

mind that Juujärvi et al. (2006) concluded just the opposite, that is, reduced HR reactivity

in normative children of both genders was related to higher reactive aggression.

Regarding proactive aggression, participants presented a different pattern, that is, a

general hypoarousal (reduced HR, SC, and RSA reactivity) (Puhalla and McCloskey,

2020b, Moore et al., 2018, Wagner and Abaied, 2015), with both sharing reduced

parasympathetic functioning. Hence, the reduced or low parasympathetic activation of

the reactive aggression corresponds to polyvagal theory, given that this model stated

that aggressive behavior proneness was explained by poor functioning of the

parasympathetic branch of the ANS (reduced vagal tone) in maintaining the balance

with the sympathetic branch (Porges, 2011). As proactive aggression tends to be driven

by low emotionality, it seemed logical to conclude that this kind of aggression did not

entail significant changes in ANS markers. That is, a generalized hypoarousal underlies

the aggression without provocation.

Focusing on the psychophysiological response to emotional stimuli in normative and

clinical populations of both genders allows us to conclude that low SC reactivity or

changes in response to these tasks involved high reactive and proactive aggression

(Aggensteiner et al., 2020, Armstrong et al., 2019, Wagner and Abaied, 2016). However, it

would be necessary to explore whether low changes implied a poor response or,

conversely, the maintenance of heightened levels of sympathetic activation throughout

this task. However, this low arousal changes could also be attributed, in general, to a

reduced ability to deal with emotions (e.g., high alexithymia, low empathic abilities…)

which facilitate aggression proneness (both types). The absence of a specific

psychophysiological pattern of response to each type of aggression was similar for the

response to acute laboratory stressors (e.g., social competence interview, preparing a

speech about their faults, decision-making tasks, etc.). Specifically, both types of
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aggression involved low HR reactivity (Murray-Close and Rellini, 2012, Portnoy et al.,

2014)and high SC (Murray-Close et al., 2017, Schoorl et al., 2016, Wagner and Abaied,

2016). Nonetheless, reactive aggression entailed high RSA (Hagan et al., 2020, Wagner

and Abaied, 2016; Zhang et al., 2015). Thus, the interpretation of further studies should

consider whether the polyvagal theory should be modified/accommodated to

understand psychophysiological functioning and its association with aggressive

behavior when coping with different situations. Based on the results, we cannot

conclude that a specific pattern exists that can be attributed to each type of aggression

without considering contextual factors.

Lastly, hormonal correlates of aggressive behavior offered little information to

categorize aggressive behavior and differentiate between the two types. Only basal C

levels were associated with aggression in normative and clinical populations of both

genders, with the rest of the studies failing to assess OX basal levels. In this regard,

reactive aggression had a mixed positive (Van Bokhoven et al., 2005) and negative

association with basal C levels (Poustka et al., 2010, Stoppelbein et al., 2014), but

proactive aggression was only negatively associated with this hormone (Armstrong et

al., 2021, Poustka et al., 2010, Stoppelbein et al., 2014). The differences between both

types of aggression could be attributed to participants’ perception of whether the

laboratory task is a potential threat or not and the subsequent emotional cascade.

Individuals perceiving an imminent threat who attack immediately would experience

an increase of negative mood and rising C levels (reactive aggression), but those who

perceive the situation with low emotionality and delay their attack might experience a

decrease in C levels (proactive aggression). Hence, it depends on their perception of a

potential threat and underlying/associated mood. However, for understanding the

association between C baseline levels with aggression it would be important to consider

the potential interaction with other hormones such as T, but also participants gender.

Regarding baseline T levels, gender seemed to be relevant because the levels were

negatively associated with reactive aggression in women (Buades-Rotger et al., 2016), but

positively in men (Van Bokhoven et al., 2006). Additionally, reactive and proactive

aggression were positively associated with T in clinical and normative men (Van

Bokhoven et al., 2006). High baseline T levels could be attributed to the assessment of

potential threats, which conditions subsequent behavior. In the case of women, it should

be necessary to control the potential role of menstrual cycles to understand the

association with aggression. Anyway, as we discussed above; basal levels tend to offer

little information about the inner functioning. Moreover, we also argue against the

usefulness of resting or basal levels as reliable correlates of reactive or proactive

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/bradycardia


aggression. In fact, these variables offered confounding conclusions. Hence, these data

should be complemented by dynamic functioning (e.g., in response to tasks) of endocrine

glands through changes in secretory levels. Unfortunately, studies assessing this focused

exclusively on reactive aggression.

T levels have frequently been found to be a correlate of proneness to aggressive

behavior. As expected, Carré and McCormick (2008) and Geniole et al. (2011) found that

this was important in men, but not in women (Carré et al., 2009, Carré et al., 2010). A

previous study offered some background to understand the existence of gender

differences. In fact, after considering the menstrual cycle in women, this factor

modulated the association between T and reactive proneness (Dougherty et al., 1997).

Moreover, a later study also found a positive association between T and reactive

aggression after considering the role of C in normative young-adult women (Probst et al.,

2017). Some research pointed out that T was closely associated with aggression when C

levels were low, due to the negative feedback between the systems that regulate their

liberation at hypothalamic level (Dekkers et al., 2019), but most of this research only

includes baseline levels for calculating the imbalance between both hormones

(Sollberger and Ehlert, 2016). Nonetheless, Probst et al. (2017) obtained a positive

association between T and reactive aggression when C levels were higher. As we

explained above, in women, the menstrual cycle should be introduced as covariate

because it tends to interfere with the association between variables. Moreover, in

women, the secretion of T was substantially different from the amount liberated in men.

Nonetheless, in studies that included both genders, they also found that higher C

changes were related to high proneness to reactive aggression (Böhnke et al., 2010a,

Gerra et al., 2001a, Gerra et al., 2001b, Gerra et al., 2004, Gerra et al., 2007). To fully

understand this a priori contradictory result, it would be necessary to understand that

those endocrine systems did not activate at the same time. Thus, the initial liberation of

C to respond to a potential threat might be accompanied by an initial decrease of T

(short-term), but a subsequent rise of their levels (mid-term). In fact, it should be kept in

mind that most of these studies based their conclusions on salivary hormonal levels,

which represent non-protein-bound serum hormone levels, but do not necessarily

reflect those which directly interfere with brain networks (Kaufman and Lamster, 2002).

Hence, this encourages us to revisit the model in order to accommodate several contexts,

without viewing the association between these hormones and aggression as a static

model, even including other hormones such as OX because their manipulation tends to

promote decreases in reactive aggression (Alcorn et al., 2015, Berends et al., 2019,

Ne'eman et al., 2016, Zhu et al., 2019b). This last result could be explained by the effects

of OX on facial emotion processing. In fact, it has been concluded that as OX levels
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increase, the ability to decode emotions from facial expressions becomes better

(Romero-Martínez et al., 2021). Therefore, a temporary rise of this hormone, might

increase emotional decoding abilities, which in turn, might favor empathic abilities (e.g.,

increasing empathic concern about aggressive behavior consequences by interpreting

facial signals) and consequently diminish reactive aggressive proneness.

We employed a broader perspective in order to include as many manuscripts as possible

and to help determine whether reactive and proactive aggression are opposite or

complementary forms of aggressive behavior. Based on the data included in this review,

we can conclude that a large part of the research supports a complementary view.

Specifically, genetic research indicated a relatively important overlap in their

heritability, greatly modulated by non-shared environmental factors. Of the genetic

factors, both present allelic variations that mainly affect serotonin transportation and

monoaminergic degradation. The two forms also overlap in that the amygdala and

temporal cortex were relatively important in understanding their proneness, even

though they are mainly supported by relatively differentiated brain circuits. Finally, a

low number of studies with psychophysiological variables concluded that a certain

degree of hyperreactivity corresponds to reactive aggression, whereas hypoarousal

represents proactive aggression.

This review has some limitations inherent to the review and to the research studies

included. In comparison with a systematic review, a meta-analysis might restrain the

number of studies by focusing on specific study designs to compute the potency of group

differences. However, this might affect the richness of the conclusions, and so we

decided to collect studies without considering their methodological robustness. In this

regard, the majority of the studies included were cross-sectional with uncontrolled non-

experimental designs (quasi-experiments), which might reduce the rigorousness of this

review (see Supplementary Table 1 for further details about the methodological quality

of non-randomized studies). We are also concerned about the self-reports employed to

assess aggression. As indicated in the introduction, most of them focus on the physical

expression of both forms. Therefore, we also include computerized tasks to measure

both forms of aggression. Unfortunately, there is an important bias in the data

employing computerized tasks we collected because more studies assessed reactive

aggression than proactive aggression. For instance, procedures such as TAP and PSAP

were developed for measuring reactive aggression after provocation (Geniole et al.,

2017, Taylor, 1967). In fact, the majority of the studies included in this review employed

these tasks as a measurement of reactive aggression and only a minority included

modified versions for assessing proactive aggression as well (attack without

https://www.sciencedirect.com/topics/psychology/systematic-review


provocation) (Chen, 2018; Riva et al., 2017; Sergiou et al., 2021; Weidler et al., 2020) or

other types of tasks (Chester et al., 2019, Perach-Barzilay et al., 2013). The difference in

number of publications only assessing reactive aggression instead of research

combining procedures to measure both should be considered in future research to avoid

potential biases in the interpretation of the data. It should even be highlighted that a

large amount of research only paid attention to 5-HT, with less attention directed to

other neurotransmitters, which were also important for aggressive behavior. Another

limitation was the limited sample size in the studies included. Moreover, many of them

did not control for potential type-1 error of multiple comparisons, the assessment of

aggression was based on third parties (e.g., parents, teachers…), and there was a lack of

control of multiple demographic factors acting as confounders, among others. In this

sense, several studies pointed out the importance of including age for assessing

aggressive behaviors. In fact, it has been demonstrated that scores tend to diminish with

age (Fung et al., 2018, Vigil-Colet et al., 2015). A meta-analysis even signaled considerable

variations in the effect of genetic common factors in reactive and proactive aggression

heritability when they were assessed at different ages (Burt, 2009). Therefore, this

should be considered a potential confounding factor and it would therefore be

important to control it in future studies. Hence, these limitations increased the difficulty

of obtaining unanimous conclusions. It should be noted that we only focused on the

classical dichotomic model to categorize aggressive behavior in reactive vs proactive

aggression (Dodge, 1991, Dodge and Coie, 1987), but we did not consider, for example, a

subtype of proactive aggression such as appetitive (Elbert et al., 2010, Elbert et al., 2017,

Elbert et al., 2018, Weierstall and Elbert, 2011). Due to the considerable psychobiological

overlapping between reactive and proactive aggression, maybe the analysis of this

subtype of proactive aggression, which tends to be extrinsically facilitated by the

pleasure that the perpetration of aggression generates in contraposition to reactive

aggression, might help to clearly establish a differentiated pattern of psychobiological

underlying factors (e.g., allelic variants, brain networks…) for each type of aggression.

Concretely, high activity polymorphisms Stin2 VNTR12 of the SLC6A4 gene seemed to be

associated with high appetitive aggression, and the low activity polymorphisms with

reactive aggression (Hemmings et al., 2018) Additionally, we also consider it particularly

important to include in future research other concomitant factors of each type of

aggression such as callous unemotional traits (e.g., lack or low empathic concern about

the perpetration of aggression in others), which demonstrated being closely associated

with proactive aggression (Werhahn et al., 2020) or impulsivity (Orri et al., 2020, Portnoy

et al., 2014), among others, for clarifying the psychobiological distinction between these

different modalities of aggression.
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In summary, the present review demonstrated that reactive and proactive aggression

share their etiological roots, but the environment modulates their expression as the

individual develops. We also highlight the fact that our review not only offers

background information about underlying biological bases of both types of aggression,

but it also includes specific treatments to reduce their proneness (e.g., application of

non-brain stimulation techniques over the PFC, pharmacological strategies with

modulating effects on serotoninergic neurotransmission, and oxytocin modulating

effects). This increases the value of the conclusions for scholars and for clinical

practitioners. In any case, we would like to reinforce the need for additional studies that

measure proactive aggression and new instruments that make it possible to measure

different dimensions (not only physical forms of aggression) of complex constructs

related to reactive and proactive aggression.
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…Whilst self-regulatory difficulties and impulsivity have been found as underlying factors in both

forms of aggression (Puhalla & McCloskey, 2020), the behaviours have been shown to differ in

specific ways. In particular, reactive aggression has been more attributed to emotion regulation
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difficulties with fear, leading to intense emotions and physiological hyperarousal, while proactive

aggression has been linked with low emotionality, anti-social beliefs, and a lack of empathy

(Preston & Anestis, 2020; Romero-Martínez et al., 2022; Thomson et al., 2021). Through the

utilisation of cluster analyses, prior research (Euler et al., 2017; Smeets et al., 2017) has suggested

that based on factors related to empathy and emotional disorder, people generally tend to exhibit

either: both reactive-proactive aggression, only reactive aggression, or a low tendency for any

form of aggression.…
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